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PEOPLE 


G. M. Trout Honored at Michigan State 
University 


Dr. G. M. Trout reeently was the recipient 
of the Distinguished Faculty Award at Michi- 
gan State University. This award of $1,000 
was made at the Second Annual Distinguished 
Faculty Awards Convo- 
eation and Centennial 
Review Lecture at the 
Kellogg Center. He has 
been a_ distinguished 
member of the Dairy 
Department since 1928. 

Dr. Trout has been 
the recipient of two 
other outstanding hon- 
ors during the past 15 
vr. In 1945, he received 
the Borden Award for 
outstanding research 
contributions in dairy 
manufacturing. In 1957, 
he received the American Dairy Science Asso- 
ciation Teaching Award, which is symbolic of 
meritorious teaching accomplishments. 

He first joined the dairy department in 
1928, and assumed his present position in 
1941. He was the official U. S. delegate to 
the World’s Dairy Congresses at Stockholm, 
1949; The Hague, 1953; and Rome, 1956. In 
1959, he served as special adviser to the 
American delegation to the Congress at 
London. 

He received the B.S. degree in dairy indus- 
try in 1923 and the M.S. degree in 1924, both 





G. M. Trout 


from Iowa State College. In 1935 he was 
named a Clinton DeWitt Smith Fellow at 
Cornell University, and received his Ph.D. 


there in 1936. Before his M.S.U. appointment, 
Professor Trout served as instructor and as- 
sistant professor at the University of West 
Virginia. 


Dr. C. A. Zittle Honored by USDA 


Dr. C. A. ZirtLeE, a U.S. Department of Ag- 
riculture chemist, was honored on May 23 in 
Washington, D. C., where he received the 
Department’s Superior 
Service Award for his 
basie research on the 
proteins of milk. The 
award was presented by 
SECRETARY OF AGRICUL- 
TURE QO. T. FREEMAN, 
in ceremonies at the 
Sylvan Theater on the 
grounds of the Wash- 
ington Monument. 


Dr. Zittle has been 
on the staff of the 
Agricultural Research 


Service’s Eastern Utili- 
zation Research and 





AND EVENTS 


Development Division in Wyndmoor, Penn- 
sylvania, near Philadelphia, since 1948. His 
significant studies of the effeet of heat on 
the stability of milk proteins under varying 
conditions have yielded valuable information 
for the improvement of concentrated milk 
products, such as evaporated milk. 

A native of Strasburg Township, Laneaster 
County, Pennsylvania, Dr. Zittle received his 
3achelor of Science degree from Franklin and 
Marshall College, where he majored in both 
chemistry and biology. His Ph.D. degree in 
biochemistry was awarded by the University 
of California in 1934. Before joining the East- 
ern Division, Dr. Zittle conducted research on 
the composition of bacteria at the University 
of Pennsylvania Medical School, then led 
studies on immunochemistry at the research 
laboratories of a large pharmaceutical com- 
pany, and coordinated enzyme research at 
the Biochemical Research Foundation in New- 
ark, Delaware. 

In 1959, Dr. Zittle’s research earned him 
the coveted Borden Award in the Chemistry 
of Milk, consisting of $1,000 and a gold medal. 
He is the author of 80 seientifie papers, and 
has frequently presented the results of his 
research before seientifie societies and tech- 
nieal conferences. Dr. Zittle is a member of 


the American Dairy Science Association, 
American Society of Biological Chemists, 


American Chemical Society, Gamma Alpha, 
and Sigma Xi. 
Dr. Zittle, a former resident of Center 


Square, Pennsylvania, now lives at 1206 Clar- 
idge Cirele, Wyndmoor, Pennsylvania, with 
his wife, the former Marie Louise Freitag. 


NEWS FROM THE UNIVERSITIES 


Scholarships Awarded at University of 
Alberta 


Of the eight graduate students working in 
the Department of Dairy Science, University 
of Alberta, Edmonton, Alberta, three have 
recently been awarded National Research 
Council of Canada Scholarships. These sehol- 
arships, which are open to graduate students 
in biological and physical sciences at any 
university in Canada, are valued at approxi- 
mately $3,000 each and are tenable for one 
year. The other five students are all receiving 
financial support for their studies in the form 
of Assistantships from grants which have been 
made to the academie staff. 

In the photograph are the staff of the De- 
partment and the graduate students. The three 
who -_have been awarded the N.R.C. seholar- 
ships are marked by an asterisk. 
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Front Row—Staff (left to right): 


PIERRE DECORTE, Diploma in Agriculture (Govern- 
ment Agricultural College, Diksmuide, Bel- 
gium)—Laboratory Assistant. 


JOHN M. DEMAN, Chem. Eng. (Neth.), Ph.D. (Al- 
berta—Assistant Professor (Dairy Chemistry). 


LAWRENCE F. L. CLea@e, B.S.A. (Toronto), Ph.D., 
D.Se. (London), D.1I.C., M.I. Biol.—Professor 
and Head (Dairy Microbiology). 


FRANKLIN W. Woop, B.Se., M.Se. (Alberta)— 
Associate Professor (Dairy Technology). 


WILLARD DYLKE, Diploma in Dairying (Alberta)— 
Laboratory Technician. 
Back Row- 


Graduate Students (left to right): 


THasBir AL-Sarar, B. Se., M. Se. (Kansas State). 
A native of Iraq on study leave from College 
of Agriculture, Abon Ghraib, where he is a 
lecturer. He is working for his Ph.D. on the 
subject of Mechanical Destabilization of the 
Milk Fat Globule. 

HvuaNn-Mert Mel, B. Se. (National Chung Cheng 

University). Mr. Mei is vice-direetor of a milk 

and food processing plant in Taipei. He is 

studying for his M.Se. degree on Methods for 
the Detection of Antibiotics in Raw Milk. 


IAN THOMASOS, B.S.A. (Toronto). Mr. Thomasos 
is from the West Indies. He is working for his 
M.Se. degree on Aspects of Moisture. Distribu- 


tion in Butter. 
*ARMAND BouprEAvu, B.Se. (Institute Agrono- 
mique d’Oka). Mr. Boudreau was born in 


Quebee and is working for his Ph.D. on The 
Specific Distribution of Fatty Acids in the 
Glycerides of Milk Fat. Mr. Boudreau is the 
first recipient of the Canadian Dairy Industry 
Supply Association Scholarship, valued at $500. 


LAWRENCE McKnieut, B. Se. (Alberta) was born 
in Alberta and majored in Dairy Seience. He 
has completed his work for an M.Se. degree on 
Crystallization and Setting of Butter and is 
due to receive the degree at the May Convoea- 
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tion. He was a recipient of the Alberta Dairy- 
men’s Association Scholarship, valued at $500. 


*JoHN ENGELHARDT, B. Se. (Alberta) was born 
in Hungary and received the first part of his 
training in Hungary at the Academy of Indus- 
trial Chemistry. He completed his degree at 
the University of Alberta. He is working for 
his Ph.D. degree on Oxidative Deterioration of 
Some Edible Fats, Especially Milk Fat. 


RONALD WHITEHOUSE, B.Se. (Nottingham) is a 
native of England and came to Canada to take 
his M.Se. in dairy science. He is working on 
Dynamies of Disinfection. 


*Yasvo Azuma, B.Se. (Tokyo), M.Se. (Illinois) 
native of Japan working for his Ph.D. 
degree on Chemical Changes Brought About by 
Psychrophiliec Bacteria in Milk. 


is a 


There will be an inerease in the number of 
graduate students in the fall, but there are 
still vacancies. 


Ohio 


The climax of the year’s recruitment activ- 
ities by the Ohio Dairy Industry and the De- 
partment of Dairy Technology at Ohio State 
University was reached with the administra- 
tion of scholarship examinations and _ inter- 
views at the University on April 29. About 
40 Ohio high sehool seniors competed for the 
Dairy Technology Scholarships available to 
students who will be entering Ohio State this 
fall. Scholarships administered by the Depart- 
ment for the Ohio Dairy Industry are an 
important phase of the recruiting program in 
Ohio. In addition to providing financial as- 
sistance to worthy students, they serve as a 
means of encouragement for well-qualified 
high school students to consider the career 
opportunities in the Dairy Industry. Conse- 
quently, many students thus attracted enroll 
in the Department of Dairy Technology, even 
though scholarships are not immediately avail- 
able to them. 

At present, 18 scholarship funds are active 
at the University. The stipends awarded by 
these funds total about $9,000. In addition, 
many of the scholarships carry guarantees of 
summer employment for the awardee, thereby 
increasing the value of certain individual 
scholarships to nearly $5,000 over a 4-yr. 
period, 

The success of this phase of the Ohio re- 
cruitment program is due in a large measure 
to the cooperation of the Ohio Dairy Industry 
which, through its various organizations, sup- 
plies funds for the scholarships; equally im- 
portant is the enthusiasm and diligence of the 
education committees and general membership 
of these organizations in attracting qualified 
young people to consideration of careers in 
the Dairy Industry. 
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DAIRY BREEDS 


Western Hemisphere 








Authentic portraits of six dairy breeds in the Western Hemisphere 


From Purina to members of the dairy industry 





To bring pictures of today’s outstand- 
ing dairy animals to folks associated 
with the industry, Ralston Purina 
Company commissioned an outstand- 
ing animal artist to do a portrait of one 
representative of each of the six dairy 
breeds in the Western Hemisphere. This 
individual representative was selected 
carefully by the officers of each dairy 
breed association as the animal which 
most nearly approached the ideal of 
their breed. 


This project was not designed to present 
a group of stereotype animals, but 
rather to show what actually has been 


accomplished through selective breed- 
ing. Each cow stands as a pinnacle of 
achievement for her breed and, we 
hope, as a challenge to dairymen, 
young and old. 


* * * * 


The six individual paintings have been 
reproduced on one ready-to-frame, 
full-color, 19 x 24-inch poster. Single 
copies are available at $1.00 each, 
including a brief biography of each 
animal. Address: Ralston Purina Com- 
pany, Supply Service, Checkerboard 
Square, St. Lovis 2, Missouri. 


RALSTON PURINA COMPANY 
SERVING ANIMAL AGRICULTURE 
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The Department of Dairy Technology, Ohio 
State University, played host to a Columbus 
research unit, United States Army Reserve 
on the evening of May 8. The reserve officers 


were introduced to the field of Dairy Tech- | 


nology and were conducted on a tour of the 
Department’s facilities. Particular emphasis 
was placed on the chemical and bacteriological 
work in progress in the area of flavor research. 


Department staff members illustrated diseus- | 


sions of their research activities with samples 
which demonstrated differences in flavor char- 
acter of milk, cheese, ice cream, and butter- 
milk. Important research techniques also were 
discussed. 


Fifty-five three-man teams participated in 
the milk judging event of the 38th Annual 
Ohio Voeational Agriculture Judging Contest, 
held on the Ohio State Campus May 6. The 
event was administered by personnel of the 
Department of Dairy Technology. Each team 
judged milk samples, sediment dises, and con- 
dition of milker heads in a test of their pro- 
ficiency at evaluating efficiency of milk pro- 
duction. The first-place award, consisting of 
a trip to Waterloo, Iowa, to participate in 
the National Dairy Congress milk-judging 
competition, was won by the Groveport Team, 
coached by F. D. Miller. Banners signifying 
a second- and third-place standing were pre- 
sented to the team from Lancaster, coached 
by D. Waliser, and to the team from Prospect, 
coached by J. W. Watkins, respectively. The 
first-place individual was R. D. Dyer, Jr., of 
the Pleasant View Team coached by R. D. 
Dyer, Sr. He was followed in the standings 
by R. Curry, of Prospect, and R. Kline, a 
member of the Loudonville team, coached by 
J. Nowles. 


Forty milk fieldmen attended a Regional 
Evaporated Milk Industry Fieldmen’s Meeting 
held at Columbus May 1 and 2. The con- 
ference, arranged cooperatively by the Evap- 
orated Milk Association, Chicago, and the 
Department of Dairy Technology, Ohio State 
University, included discussions on quality 
milk problems, production practices and needs, 
and problems in maintaining an adequate sup- 
ply of milk. Featured speakers on the program 
were members of the Ohio State University 
faculty and representatives of the Evaporated 
Milk Industry. 


Minnesota 
Dr. Robert Jenness Awarded a Fulbright 
Scholarship 


Rosert JENNESS, Department of Agricul- 
tural Biochemistry, University of Minnesota, 
has been awarded a Fulbright Scholarship and 
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ADDED WATER IN MILK 
FISKE MILK CRYOSCOPES determine ac- 


curate water content in milk and other dairy 
products by the freezing-point method. An 
aid to dairies and processors in controlling 
the quality of their product. Enables public 
health authorities and testing laboratories to 
process test samples rapidly and easily with 
minimum of technically trained personnel. 


Today's FISKE MILK CRYOSCOPES, avail- 
able in laboratory or portable models, offer 
these... 


NEW, EXCLUSIVE FEATURES : 

© SHOCK FREEZING 
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BUILT-IN INTERVAL TIMER 
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for complete details, specifications and ap- 
plications, write to: 


[an FISKE ASSOCIATES,INC 


BETHEL, CONNECTICUT 
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8.P.0-B.C, BETTER CATTLE 
em THRU 
BETTER BREEDING 





The modern pace of today’s dairy industry demands rapid 
strides in herd improvement. In 1944, dairymen in Southeastern 
Pennsylvania organized and developed a cooperative artificial 
breeding program which has proven to be sound, convenient and 
practical. 

Dairymen using the progressive S.P.A.B.C. service have bene- 
fitted from more profitable dairying through increased production 
and improved type. This program designed for the future offers 
accurate and full information on a wide choice of carefully selected 
sires which complement the needs of each individual cow in vour 
herd. 

S.P.A.B.C. works closely with the Pennsylvania State Dairy 
Research Center and Extension staff in the trust of breeding 


‘‘Better Cattle for Better Living.’’ 


CONVENIENT SERVICE 
-- ECONOMY -- 
SELECTION OF SIRES 


Southeastern Pennsylvania Artificial Breeding Cooperative 
P. O. Box 254, Lancaster, Pa. Phone LOwell 9-0411 
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a sabbatical leave to conduct research on milk 
proteins at the Netherlands Institute for Dairy 
tesearch, Ede. Dr. and Mrs. Jenness and their 


youngest son, David, 15, will sail for the 
Netherlands on August 25. They will be lo- 


cated at Ede until May 31, 1962. 


Wisconsin 


Marschall Dairy Laboratory Presents Fourth 
Scholarship Award 


R. S. RorHwet., Middleton, Wisconsin, re- 
ceived the 1961 Marschall Dairy Laboratory 
scholarship award of $250 at the recent an- 
nual dinner meeting of the University’s Bab- 
cock Dairy Science Club. A. T. BENNER, chair- 
man of the board of Marschall Dairy Lab- 
oratory, Ine., made the presentation. 





A. T. Benner congratulates R. S. Rothwell. 


The award is granted annually to an 
upperelassman majoring in Dairy Industry at 
the University of Wisconsin. Rothwell has 
been active in the club and is planning a 
career in the dairy industry after special work 
in the School of Commeree. 

Present at the dinner were George Mooney, 
executive secretary of the Wisconsin Cheese- 
makers’ Association, and Burdette Fisher, ex- 
ecutive secretary of the Wisconsin Milk and 
Ice Cream Association, the late Professor 
Howard C. Jackson, Chairman of the Depart- 
ment of Dairy and Food industry at the Uni- 
versity of Wisconsin, Professors L. C. Thomp- 
son, W. V. Price, and N. F. Olson of the 
Dairy and Food Department of the University, 
and V. G. Rowley, sales manager of Marschall 
Dairy Laboratory. 


Dairy. Farmers Give Year’s Milk Supply to 
Dr. Schweitzer’s Village 


Maryland and Virginia dairy farmers are 
extending a helping hand across the seas to 
Dr. Albert Schweitzer’s world-famed leper 
colony in Lambarene, Gabon, Africa. They 
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“Better Cattle for Better Living 


This is the slogan (copyrighted) of The National 
Association of Artifical Breeders. 

We take this opportunity to pay a word 
of thanks to the hundreds of dairy research 
people whose efforts have made this program 
possible. We believe the record attests this 
one of the most direct applications of research 
on the books! 

@ |960—Over 7 million cows, bred to better 
bulls, in over 900,000 herds in the U. S. 

@ Members throughout the world and over 
12 million cattle involved. Frozen semen 
shipped anywhere planes travel — and 
"Better Breeding’ available in the most 
remote parts of the world! 

@ The only artifical insemination program 
in the world operating as a free enterprise 
system! Both cooperatives and private 
businesses render a sound service of ''Bet- 
ter Cattle and Disease Control'' to nearly 
one million patrons in the U. S. 


Read THE A. |. DIGEST if you want the latest 
in livestock improvement. Dairy, beef, swine, 
goats, sheep, horses, poultry and bees! 


AT pices! 


: Ree Reet 6 A AS & TOR SES 
—ane ae 
aes 


In the United States 
| year—$1.25 
2 years—$2.00 
5 years—$4.00 





Outside United States 
| year—$1.50 
2 years—$2.50 
5 years—$5.00 





PROCEEDINGS of conventions available—170 
page booklet, full of the latest on A. I. pro- 
grams. Two years ahead of most news releases 
and 10 years ahead of most text books. Mailed 
anywhere in the world for $1.25. 


To order use this blank 

National Association of Artificial Breeders 
10 North 9th Street 

Columbia, Missouri, U. S. A. 


Attached is my check for __._____ years subscription 
to The A. |. Digest. 


Attached is my check for N.A.A.B. Proceedings—years 
of 1953, 1955, 1956, 1957, 1958, 1959 and 1960. 


Ii iciceitssccnentinenes 


Address_ ‘ — : = 
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“Discontent 


is the first step in the progress of 
a man or nation,” according to 
Oscar Wilde. And, we might add, 


in the progress of a company. 


Discontent in the knowledge 
that there are undernourished 
peoples throughout the world was 
the first step to Foremost’s re- 
combining process for milk. We 
perfected a way to separate the 
product of American dairy farms 
into two principal components, 
ship them anywhere in the world, 
and recombine them to perfection 
on the spot. Today we are able 


to provide nutritious, economical 


FOREMOST DAIRIES, INC. 


whole milk to large areas which 


formerly had no milk at all. 


Discontent helped bring about 
Foremost’s research in the field 
of instant non-fat milk, which in 
turn formed the basis of modern 
metered-calorie dietary formulas, 


among them our own Forti-cal. 


From this, another great step 
forward was taken with the intro- 


duction of Forti-cal Diet Salad. 


And still “discontent” leads us 
on in the constant search for even 
better processes and products in 


the great dairy field. 
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will supply milk to the children in this colony. 

W. B. Hooprr, secretary-treasurer and gen- 
eral manager of the Maryland-Virginia Milk 
Producers Association, disclosed recently that 
the Association is donating a year’s supply 
of ultrahigh-pasteurized milk to the leper 
village which Dr. Schweitzer has maintained 
deep in the African jungles for 47 yr. 

The sterilized milk supply—produced at the 
Association’s modern plant at Laurel, Md. 
will be shipped to Africa, free of charge, 
aboard the Belgium Freight Lines’ Indussa 
this month. 

The Maryland-Virginia Milk Producers As- 
sociation’s interest in Dr. Schweitzer’s work 
began earlier this year during a dinner conver- 
sation between Mr. Hooper and Mark Evans, 
vice-president of the Metropolitan Broadeast- 
ing Corp. 


During the dinner, Mr. Evans recalled his | 


impressions of 2 wk. he had spent with Dr. 
Schweitzer in Lambarene. And he remarked 
how milk, which few if any of the village’s 
starved children taste after infancy, was the 
most eritical food need of Lambarene. 

The familiar topie of milk attracted Mr. 
Hooper’s attention. He described the Associa- 
tion’s improved sterile milk process, which 
would permit long-time storage without re- 
frigeration in the jungles, and suggested that 
the Maryland and Virginia dairy farmers 
could heip solve Dr. Schweitzer’s milk short- 
age problem. 

Backed by the Board’s approval of the 
project, Mr. Hooper made a formal offering 
of the free milk supply to the Albert Schweit- 
zer Fellowship of New York, which handles 
all shipments of food and other material to 
Dr. Schweitzer’s remote jungle village. 

The Association’s offer was gratefully ac- 
cepted, and arrangements were made for the 
sterile milk to be shipped to Africa at no 
cost to the doctor. 

“This gift of milk goes to Dr. Sehweitzer 
and the people of Lambarene with the sincere 
hope of the dairy farmers of Maryland and 
Virginia that it will be of value to his dedi- 
cated work,” Mr. Hooper said. 


“We are grateful that we have a surplus | 


of this most-perfect and needed food with 
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which we can help bring nourishment to the 


children of Lambarene.” 


INDUSTRY NEWS 


Myrick Named Public Relations Director for | 


Milk Industry Foundation 
NORMAN Myrick, editor of the American 
Milk Review of New York, has been named 
Director of Public Relations for the Milk 
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Object ve: 


TO ASSURE FULL VITAMIN POTENCY 
AND FLAVOR STABILITY DURING 
THE SHELF LIFE OF THE MILK 


It is important for all those associated with 
the milk industry to know about the extremely 
high quality of Vitex® Vitamin Concentrates. 
There is perhaps no other industry where 
health and sanitation standards, where in- 
spection, control and regulation, play such 
a key role. In consequence, it is well to realize 
that Vitex concentrates meet or exceed every 
criterion and are entirely acceptable as a food 
additive. 

Vitex concentrates are processed in a 
Grade A plant under AAA standards. Every 
batch of pure vitamin crystals is assayed 
before processing. And not one batch of the 
finished product can be released for ship- 
ment until the laboratory provides a clean 
bill of health concerning: total plate count; 
thermophile count (37° and 55°C) at 10 days; 
viscosity; physical appearance (fat and solids 
separation at 10 days at 37°C); final report 
of vitamin assay. 

Vitamin additives offer dairies a profitable 
means of providing better balanced nutrition. 
Vitex Vitamin Concentrates are the best 
assurance of purity, potency and stability. 


VITEX LABORATORIES 


A Division of NOPCO CHEMICAL COMPANY 


GD 


® 
Pioneer Producers of a Complete Line of Vitamin 
Concentrates for the Dairy Industry 





GENERAL OFFICES: 60 Park Place, Newark, NJ. 
PLANTS: Harrison, NJ. Richmond, California 
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Industry Foundation. The Milk Industry 


Foundation, with head- | 


quarters in Washing- 
ton, is the national 
trade association for 


the fluid milk industry. 
Mr. Myrick assumed his 
new duties on June 1. 

Mr. Myrick has been 
editor of the American 
Milk Review, a_busi- 
ness magazine serving 
the fluid milk industry, 
since 1947. He was a 
member of the Publie 
Relations Department 
at the University of 
Massachusetts from 1946-1947. During World 
War II, Myrick served as an officer in the 
Navy returning to inactive duty with the rank 
of Lieutenant Commander. 





Norman Myrick 


A native of Longmeadow, Massachusetts, he | 


was graduated from the University of Massa- 
chusetts in 1931. He did graduate work at 
Amherst College. In addition to his career 
as a journalist, Myrick has been active in edu- 
eation and agriculture. 


National Dairy Council Enlarges Research 
Program 


The National Dairy Couneil Board of Di- 
rectors adopted a special combination nutri- 
tion research and publie relations program to 
seek new knowledge and to help combat ad- 
verse dairy foods publicity with research evi- 
dence we already possess. Prime target of 
the program the cholesterol school of 
thought, which has attempted to link animal 
fats with heart disease. 

To be launched in the near future, the pro- 
gram will call for special funds from the 
dairy industry beyond the present budget of 
the National Dairy Council. Research to be 
conducted will involve new studies more spe- 
cifically designed than current NDC projects 
to further investigate nutritional values of 
milk fat as it is found in whole milk and other 
dairy products. 

It is estimated the combined special program 
will cost approximately $150,000 a year— 
$100,000 for nutrition researeh—$50,000 for 
public relations. It is assumed the program 
may call for funds to be committed for 3 to 
5 yr., for a total special investment by the 
dairy industry of abeut $500,000 to $750,000. 

Raising of the special funds from dairy 
producer and dairy equipment 
sourees and conduct of the special research 
will be directed by a Board advisory committee 
headed by Dr. F. B. Batpwin, Exeeutive Vice 
President, Abbotts Dairies, Ine., Philadelphia, 
Pa. 
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E KLENZADE 
PROCESS AND C.I.P. 
4 AUTOMATION 

‘ SERVICES 
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Engineering Analysis 


D. A. Seiberling and R. B. Douglas work with plant management 
in reviewing operating requirements and applying the latest 
proven developments in processing and sanitation techniques for 
maximum plant efficiency and product quality. 





A well coordinated ing staff consisting of B. N. Pavia- 
kovic, E. N. Brunsell, R. R. McCourt and L. Mahler designs and 
supplies specific systems and equipment recommended in the 
Engineering Analysis. 





isco, 


Installation Supervision 





P. F. Smith, H. J. DeBruin and V. Christensen, specialists in proc- 
ess piping fabrication, control system design, and automation 
cleaning equipment, put complete engineered systems into 
operation. 


KLENZADE PRODUCTS, INC. 
Dept. 20 F Beloit, Wisconsin 
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The Australian Journal of Dairy Technology 


The Journal contains scientific and technical papers on all aspects of dairying, espe- 
cially dairy manufacture. It provides for those in other countries an up-to-the minute 
record of the latest developments in dairy technology in Australia and New Zealand. 
News, reports, editorials, book reviews and Society proceedings are included, and 
the Journal is illustrated. It appears quarterly. 


SOME ARTICLES PUBLISHED IN 1960 


Food-Borne Epidemics Due to Staphylococci, by E. Munch-Petersen 

The Manufacture of Lactic Acid and Its Use as a Precipitant for Casein, by N. Oetiker 

Estimation of Quality of Fat in Bulk Cream, by F. H. McDowall 

The Use of Brilliant Blue F.C.F. in Intramammary Penicillin Preparations, by D. J. Dawson and J. T. 
Feagan 

An Improved Curd-Fusing Machine, by J. Czulak, N. H. Freeman and L. A. Hammond 

Improved Equipment for the Manufacture of Casein, by L. L. Muller and J. F. Hayes 

Obtainable through booksellers, or from the Australian Society of Dairy Technology, P. O. Box 20, 
Highett, Victoria, Australia. Price £ Stg. 1/14/0 per annum. 


Special Offer: A certain number of complete sets of back numbers, comprising 12 
volumes and a decennial index, are available at a concession price of 


£ Stg. 10. 











Cherry ice cream is no longer the most 
expensive ice cream the ice cream manu- 
facturer offers for sale. You now can 
produce CHERRY ICE CREAM with 
flavors costs below that of Buttered 
Pecan or even a good strawberry. 
Research and increased production fac- 
ilities has permitted us to lead the field 
in producing high quality cherries at 
low prices. 


if = Your customers like CHERRY ICE 
a with low CREAM...and if you do not have it 
available they will go elsewhere for it. 
FLAVO @ COST You cannot afford to lose that business 
... but you certainly can afford to make 
CHERRY ICE CREAM. We will be 
happy to present ice cream made with 
our cherries for your appraisal. 


an important message for 
management, sales, andg 


We can supply several 4 color cherry cartons to 
make your selling easier. 





Write or call 


RAMSEY LABORATORIES, INC. 


2742 GRAND AVENUE + CLEVELAND 4, OHIO + SWEETBRIAR 1-2727 
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THIS MAN IS 
WASHING MONEY 
DOWN THE DRAIN 


Manual cleaning is one of the fastest 
ways to waste money. It can increase 
your labor costs and shrink profit mar- 
gins considerably. But a Cherry- Burrell 
automatic Clean-In-Place system elimi- 
nates manual cleaning, offers many time 
and labor-saving advantages, and gives 
you a better, more sanitary product. 
And only Cherry-Burrell can give you 
the complete line of fittings and C-I-P 
equipment needed to increase your 
operation’s efficiency. 


You can convert from manual cleaning 
to automatic C-I-P in one of two ways: 
all at once; or through Cherry-Burrell’s 
Progressive Automation Plan — an eco- 
nomical, step-by-step plan for automa- 
tion. But the important thing is to plan 
now. Let a Cherry-Burrell sales engi- 
neer help you reduce man-hours and 
increase efficiency in your operation. A 
call to Cherry-Burrell today can mean 
an increased profit margin tomorrow. 


CHERRY- BURRELL 


CEDAR RAPIDS, IOWA 









Weigold Speaks on Latin-American Dairy 
Problems 


G. W. WeiGoLp, managing director of Dairy 

| Society International, at the FAO Conference 

| in Brazil, urged concerted action in utiliza- 

| tion of the world’s milk to achieve freedom 

from hunger. In his paper on Latin American 

| Dairy Problems, sponsored by the Food and 
Agriculture Organization of the United Na- 
tions, Mr. Weigold pointed to many problems 
of the world dairy industry. He called on the 
attending representatives of 15 nations and 
six international organizations to cooperate 
in seeking a solution. Mr. Weigold stated: 

“For too long we have been addressing our- 
selves to these vital questions but reaching 
satisfactory solutions at a disgracefully slow 
pace. This in spite of the fact that we have 
the knowledge, technical skills and collective 
ability to solve this or any other problem of 
like magnitude. 

“And so, as part of these meetings, let us 
resolve to apply every ounce of energy and 
determination to removing the inertia which 
slows our progress. Let us vow, after serious 
self-appraisal, to talk honestly, and construct 
programs, ideas and realistie goals that will 
inevitably lead to the wider use of milk, 
thereby filling the nutritional voids which lead 
to disease and human misery. 

“We must adopt a statesmanlike attitude 
of the highest order to achieve this goal. We 
will be remembered for such a role, but for- 
gotten if we fail.” 


R. J. Stuart Made Director at Cherry-Burrell 


R. J. Stuart, Jr. has been named Corporate 
Director of Purchasing for the Cherry-Burrell 
Corporation. 

Stuart has been Director of Purchases for 
the Savage Arms Corporation. Prior to that, 
he held executive purchasing positions with 
United Aircraft Corporation—Hamilton 
Standard Division, and the Ford Motor Com- 
pany. He is a graduate of the University of 
Alabama and holds the Master of Business 
Administration degree from Ohio State Uni- 
versity. 


J. L. Bricker Elected Vice-President of 
Foremost Dairies 
J. L. Bricker has been elected marketing 
vice-president for Foremest Dairies, Inc., by 
the board of directors. 
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For many years competent MoorMan 
scientists have been building a backlog of 
research knowledge. This experience has 
helped the Moorman Manufacturing Com- 
pany produce dairy feeds, calf feeds and 
fly sprays that help the dairyman obtain 
GOOD RESULTS. The research staff has 
developed a four-step research program that 
gives consistent results in improving dairy 
nutrition and management: 

1— Nutritional Research—In the labora- 
tory and on the 1,280 acres on the three 
Research Farms, nutritionists are working 
continuously testing a wide variety of feed 
ingredients and additives. These tests help 
develop feed formulas that will produce 
milk at lower cost. 

2— Veterinary Research—The control of 
insects and parasites— internal and external 
—has become an important part of dairy 
management. It is the responsibility of the 
Veterinary Research Division. 

3— Field Research—Any new develop- 
ment in nutrition or management must be 
carefully proved in the field under normal 
farm conditions. This is where the Field 
Research team takes over to make the new 


Part of Dairy Research Unit 


1,280-acre “test tube” adds to 
Knowledge of dairy nutrition 


development prove itself in practical use. 
Tests are often conducted on hundreds of 
customer farms before important changes 
are made in formulations. 

--— Quality Control—Only after extensive 
development and testing, is a new or im- 
proved product offered for sale. It is then 
placed under constant Quality Control su- 
pervision. For regardless of the adequacy of 
the formula, a feed is only as good as the 
raw materials that go into it. 

We would be honored to have any or all 
members of the Dairy Science Association 
visit with us in Quincy, Illinois. We would 
like to show you our research facilities and 
have you meet some of our research staff. 


HMoorMans’ 


Since 1885 


Good Results Through Research and Service 
-MOORMAN MFG. CO., QUINCY, ILL. 


* Trademark Reg. U.S. Pat. Off. 
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FIELD TRIALS SHOW 





Ter 


ramycin 


BRAND OF OXYTETRACYCLINE 


Increases 


Milk 





Production 


...and there are no milk residues 


Seventeen trials in six states 
with 2,370 milking cows 
have shown a significant in- 
crease in milk production 
from feeding Terramycin 
(TM®-10) at 75 mg. to 110 
mg. per cow daily. This in- 
crease was equivalent to 
$6.83 extra return per cow 
per 186-day period. These 
trials, conducted under the 
auspices of the Pfizer Agri- 
cultural Research and De- 
velopment Department, are 
summarized at the right. 





Chas. Pfizer & Co., Inc. 
New York 17, N.Y. 


Science for the world’s well-being* 






































SUMMARY 
TERRAMYCIN IN MILK PRODUCTION 
AVERAGE OF 17 TRIALS (186 DAYS) 
Control Treated 
Number of cows 1193 1177 
Av. days on experiment ! 186 186 
Av. daily milk prodn./cow, Ib. 30.98 31.85 
Increase in daily production, |b. 0.87 
Increase, % a 3 
Extra milk per cow, Ib. - 161.8 
Value of extra milk, $2 = 8.09 
Cost of Terramycin per cow, $3 _ 1.26 
Extra return per cow, $ 6.83 
'Range 119-280 days 2Milk valued at $5 per cwt. 
3Terramycin 13.95 gm./cow; value $0.09/gm. 

There was no effect of Terramycin feeding upon the bacterial 
content of milk, the antibiotic did not appear in the assayed 
milk, and cheese cultures were not inhibited by this milk. 
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Before joining Foremost, Bricker was cor- 
porate marketing vice- 
president and a member 
of the board of direc- 
tors of the Colgate- 
Palmolive Company. 
Previously, he held a 
similar position 
the Whirlpool Corpora- 
tion. 


a member of the United 
States Marine Corps 
during World War II. 
He was discharged in 1946 with the rank of 
Captain. 





J. L. Bricker 


New Electronic Microscope 


with | 


Bricker graduated 
graduated from the | 
University of Minne- 
sota in 1942 and .was 


The most powerful electron microscope ever | 


developed has been perfected at the National 
Center for Scientific Research at Toulouse, 
France. This has been accomplished by Dr. 
Gaston Dupovy and his assistants, PROFESSORS 
F. Perrie and E. L. Durriev. 


This electronic microscope has four lenses, | 


one of them weighing a ton, and will be cap- 
able of operating at voltages up to 1.5 million. 

In the successful photographing of living 
bacteria, the traditional slide is replaced by 
a slide cell forming a small, airtight box, with 
a volume of about one-tenth of a cubic centi- 


meter. The biological material is placed in 
this box, which then is closed by two very 


thin windows less than one-tenth of a micron 
thick. These windows are transparent to the 
electrically accelerated electrons and are 
strong enough not to burst in a vacuum. 

Thus, the specimen to be examined is placed 
in air at normal atmospheric pressure and a 
suitable relative humidity—conditions in 
which the cell can stay alive. Even after 
having been exposed to a beam of electron 
waves with a speed almost equal to that of 
light, as their pictures are taken, these bae- 
teria can be removed and then reproduce them- 
selves in suitable culture media. 


Teaching Through TV In Europe 


Three European countries—France, Britain, 
and Italy—have officially introduced television 
classes into their school programs. Conelu- 
sions of education officials on the video teach- 
ing so far is that it can provide: 


THE 
ENGINEERED 
APPROACH 
TO 


STARTER 
PRODUCTION 





Provides a 
uniform, dependable 
Starter. ..every time 


Eliminates 
Danger of Phage 
and Bacterial Infection 





Uniformity of flavor, body and texture main- 
tained, assuring consistent top quality products 
that command top level prices. Available in any 
| size from 50 gal. — in either Non-Pressure or Pres- 

sure Wall models. Write for complete information. 


> 


WALKER STAINLESS EQUIPMENT CO. 
NEW LISBON, . WISCONSIN 


Rit & 





FOR ICE CREAM SALES 
Feature monthly promotions of 13 tempt- 
ing flavors and watch sales climb. Blend 
Balch ready-to-use Ripple Sauces into your 
vanilla ice cream. Prompt shipments from 
Atlanta, Birmingham, Chicago, Dallas, 
Denver, Kansas City, Los Angeles, 
Memphis, New Orleans, Sacramento, Salt 
Lake City, Seattle. Send for details and 
free promotion aids. 


““Ripple’’ & *'Wave’’ are registered trademarks of the Balch Flavor Co. 


BOLCH riavor co ‘ 


PITTSBURGH, PA.: Adams and Fulton Sts. 
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ez For the finest 
- Chocolate ice cream in town 





- 


(Wacol oa. 


You, too, can have “the finest 
Chocolate ice cream in town” 


when you use Ambrosia’s e 
distinctive Dutch Process Cocoas, CWinbrosia 
Pure Chocolate Liquors, or 
Chocolate Flavors. Why not SSS, 


try Ambrosia for your 
Chocolate Ice Cream? 





For samples and more information write to 
AMBROSIA CHOCOLATE COMPANY 
Milwevkee 3, Wisconsin 


Menufacturers of fine chocolate and cocoa since 1894 
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1. Expert, modern teaching for children— 
ind adults for that matter—who are ill or 
crippled, and for those who live in isolated 
villages and farms, and in poorer areas of the 
country. 

2. Constant up-dating of materials and in- 
formation, and introductory exposure to more 
esoteric subjects than can be ineluded in the 
usual school curriculum. 


3. An enormously expanded classroom for | 


the best teachers. 


Dairy Technology Societies 


Kansas City—May 25 meeting had as its 
subject Future Packaging Trends, with Henry 
Breejen, Sales Engineering Department, Ex- 
cello Corporation, Detroit, as speaker. Mr. 
Breejen emphasized the new trends in pack- 
aging as related to plastic milk cartons. 

North Carolina—Topic of the May meeting 
was Air Conditioning and Ventilation of Dairy 
Plants, featuring as speaker George W. John- 
son, Jr., architect-engineer of Ingram and 
Johnson, Charlotte. 

Ohio—Central Ohio and Cincinnati Societies 
both had as speaker at their May meetings 
Dr. W. J. Harper, OSU, Department of Dairy 
Technology, who presented his observations 
of the European Dairy Industry, made during 
the six months he spent there in 1960. The 
Northeastern Society met May 10 at Medina. 
B. W. Tharp, OSU, Department of Dairy 
Technology spoke on the Impact of the Fed- 
eral Ice Cream Standards. Before the meeting 
an ice cream clinic was held, during which 
samples of vanilla ice cream were submitted 
by members and evaluated and discussed. The 
Maumee Valley Society met at Defiance May 
11. The full day of activity ineluded a plant 
tour of the facilities at the Defiance Milk 
Products evaporated milk plant, golf at Ket- 
tering Country Club, a pre-dinner social hour, 
and election of officers. 

Southern Illinois—C. E. 


fessor of animal industries, discussed Public 

Relations in the Dairy Industry at the monthly 

dinner meeting in Mt. Vernon, May 18. 
Tri-State—May meeting featured Dr. G. H. 


Watrous, Jr., of Pennsylvania State Univer- | 
the | 


sity. His subject focused attention on 
ever-increasing emphasis given to rigid tech- 
nical control in food plants. 





Projects, Consultation, and Production 
Control Services in 
Biochemistry, Chemistry, Bacteriology, Toxi- 
cology—lInsecticide Testing and Screening. 


Write for price schedule. 


WISCONSIN ALUMNI RESEARCH 
FOUNDATION 


P.O. Box 2217-X, Madisen 1, Wisconsin 


OF DAIRY SCIENCE 


Wylie, Southern 
Illinois University distinguished visiting pro- | 
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WORLD'S BEST ICE CREAM 


You must use the finest dairy ingredients, the 
finest flavors, the finest mix processing and 
freezing equipment, the finest packaging—And 
The Finest Stabilizer—KELCO STABILIZER. 


Dariloid XL® for your white mixes 
Sherbelizer® for your chocolate mixes 


Products of KELCO COMPANY 


75 Terminal Ave., Clark, N. J. 

20 N. Wacker Drive, Chicago 6, III. 

530 W. Sixth St., Los Angeles 14, Calif. 
KELCOALGIN—CLARKNEWJERSEY 


Cable Address: 


NUMBERED BLENDS — 
SPEED PRODUCTION 


Eliminate lost batches, save 
time, speed production. Use 
Numbered Blends and the 
Dairy Laboratories system 
of rotation that supplies high- 
est quality fresh culture every 
week to keep aroma, body, 
flavor and production uni- 
form in all fermented milk 
products. 


FLAV-O-LAC 
FLAKES 


Write for details in our free Culture Booklet 


THE DAIRY LABORATORIES 
2300 Locust Street 
Philadelphia3, Pennsylvania 


Washington, D.C. 








DALABRE 
ASSOCIATES 






Branches: New York -« 
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The first and finest urea source of protein: 


Dupont Two-Sixty-Two has 


FEED COMPOUND 


a protein equivalent 


of 262% 


One hundred pounds of Du Pont “Two-Sixty-Two” contains as much 
nitrogen as 262 pounds of protein. That’s the amount of protein 
in 660 pounds of 40% oil meal feeds. 


This highly-concentrated, readily-available nitrogen in ‘“Two-Sixty- 
Two” nourishes and stimulates rumen bacteria—helps them mul- 
tiply and develop faster. As a result, billions of these organisms 
are better able to help dairy cows break down and digest coarse 
fibers thoroughly and efficiently. 


And this highly-concentrated urea source of protein in Du Pont 
‘““Two-Sixty-Two” also makes it possible for feed manufacturers to 
“concentrate” their protein and include more carbohydrates, min- 
erals and vitamins in dairy rations. “Two-Sixty-Two” is used by 
hundreds of feed manufacturers in both complete feeds and con- 
centrates. 


These many advantages of “Two-Sixty-Two’’—the first ard finest 
urea source of protein—are the result of extensive research inves- 
tigations by Du Pont and others in the interests of the dairy indus- 
try. E. |. du Pont de Nemours & Co., Inc., Industrial & Biochemi- 
cals Department, Wilmington 98, Delaware. 
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PSYCHROPHILIC BACTERIA—A REVIEW 


LLOYD D. WITTER 
Department of Foced Technology, University of Illinois, Urbana 


SUMMARY 


Psychrophilic bacteria grow at a relatively rapid rate at or below 45° F. (7.2° C.) 
and are capable of forming visible colonies on plates incubated for ten days at 7 + 0.5 C. 
Since psychrophiles grow at refrigeration temperatures, they are primarily responsible 
for limiting the keeping quality of milk and many dairy products in which they may 
produce a wide variety of spoilage defects. The psychrophiles most frequently en- 
countered are in the genus Pseudomonas, although many bacterial genera contain psy- 
chrophilie species. They are found in water, soil, and dirty equipment, and their elimina- 
tion from milk and dairy products is largely concerned with removing these sources of 
contamination. The various factors affecting the survival, growth, enumeration, and 
biochemical activities of psychrophiles were discussed. The fundamental question of 
why psychrophiles are capable of growing at low temperatures is still to be answered. 
Information on these and other aspects of psychrophiles was documented and interpreted 
with the purpose of summarizing the available information and encouraging further 
investigation of this important group of microorganisms. 





The purpose of this review is to summarize the existing information on 
psychrophilie bacteria, interpret this information, and suggest some of the areas 
where further information is necessary or desirable. The rational of this 
review is the increasing and accelerating interest in this group of microorganisms. 
This diverse group of bacteria are linked by their ability to grow at refriger- 
ation temperatures. Their importance to the dairy industry has been accentuated 
by the advancements in refrigeration facilities, increased regard for keeping 
quality, and longer holding times resulting from every-other-day pickup, less 
frequent home deliveries, and transportation over greater distances. Although 
of relatively recent concern to market milk processing, the psychrophiles have 
long received the attention of butter and cottage cheese manufacturers and much 
of our present knowledge of these bacteria was obtained by investigators of 
these dairy products. While of great practical importance to the dairy industry, 
the psychrophiles are also of great academic interest, since they pose the yet 
unexplained phenomenon of growth at low temperatures. 

The subject of psychrophilic bacteria has been previously reviewed in 
relation to general bacteriology by Berry and Magoon (23) and Ingraham and 
Stokes (152), in relation to food by Ingram (153) and by Mossel and Ingram 
206), in relation to marine bacteriology by Zobell (333) and Reay and Shewan 
247), and in relation to dairy by Davis (64), Doetsch and Seott (71), and 
Thomas (294, 295). In addition to the foregoing comprehensive reviews, various 
aspects of dairy bacteriology closely related to psychrophilic bacteria have been 
separately treated: ropy defect (293), psychrophiles in raw milk (296), psy- 
chrophiles in pasteurized milk (300), butter spoilage (69, 283), and surface 
taint (84, 240, 249, 314, 328). 


DEFINITION 
The definition of psychrophiles has plagued bacteriologists since the term 
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was first used by Schmidt-Nielsen (258) in 1902 to describe those bacteria 
observed by him and by previous workers (55, 91, 92, 96, 97) which grew at 
0° C. The term psychrophile was an unfortunate etymological choice, since the 
roots implied cold loving. The year after its coinage it was criticized by Miller 
(207), who demonstrated that while these organisms were capable of low-tempera- 
ture growth they grew more rapidly at elevated temperatures. This observation 
has been repeatedly confirmed, without exception, by subsequent investigators 
(54, 79, 137, 150, 187, 199, 239, 254, 329, 334). Kruse (168), in a 1910 textbook, 
suggested that these bacteria might better be called psychro-tolerant, but this 
suggestion or others of a similar nature (64, 79, 112, 254) did not gain accept- 
ance and the term psychrophile has persisted. 

The different motivations of the fundamental and the applied bacteriologists, 
and within the latter group the different motivations of those interested in dairy, 
soil, meat, poultry, or fish, have produced definitions of psychrophiles almost 
as numerous as the investigators. Hence, today psychrophiles are defined in 
essentially four major different ways based on (a) optimum growth tempera- 
ture, (b) ability to grow at low temperature, (c) the method of enumeration, 
and (d) criteria which are independent of the temperature. 

Each of these bases of definition is worthy of discussion, since each exempli- 
fies certain characteristics of psychrophilic bacteria that are of interest, and 
indeed, each definition limits those organisms that may be considered as 
psychrophilie. 

Optimum growth temperature. Unfortunately, most contemporary textbooks 
of general bacteriology define psychrophilic bacteria as those having an optimum 
growth temperature below some specified temperature, generally 20° C., but 
occasionally 15° C. or even 10° C. The appeal of this definition is that it is 
specific, it conforms with the accepted nomenclature of mesophile and thermo- 
phile, and it is consistent with the etymology of the term. The optimum growth 
temperature, however, is difficult to accurately determine and even those investi- 
gators who prefer this definition seldom analyze for the optimum growth tem- 
perature before labelling a bacterial culture as being psychrophilic. Whether 
the optimum growth temperature is in reference to fastest rate of multiplication, 
maximum attainable population, or an undefined combination of both is a 
further complication. Bacteria with optimum rates of multiplication at tem- 
peratures below 20° C. have been observed by only a very few investigators (170, 
172, 178, 310) ; hence, the number of bacteria which could be called psychro- 
philic by this definition is unrealistically small. Optimum temperatures for 
producing maximum populations are usually lower than those for the optimum 
rate of multiplication (73, 99, 110, 137, 254, 263) and many bacteria have been 
observed to develop maximum crops at temperatures below 20° C. The time 
necessary for a culture to reach a maximum population at low temperature, 
however, is impractically long and the variation of maximum populations ob- 
tained at various temperatures is impractically small. Three cultures of psy- 


chrophiles studied by Greene and Jezeski (110) required a minimum of 1,347 hr. 
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to develop a maximum crop at 5° C., and the maximum population attained at 
this temperature was not more than fivefold greater than the population ob- 
served at 20° C. Further, Hess (137) observed that Pseudomonas fluorescens 
required 29 days to produce a maximum population at 5° C. which varied only 
twofold from the maximum population produced at 20° C. The use of either 
criteria of optimum temperature for defining psychrophiles renders the routine 
enumeration of psychrophiles impractical and makes psychrophiles of only 
pedantic interest. 

In addition to the optimum growth temperature, the maximum temperature 
for growth is occasionally stated or implied in the definition of a psychrophile. 
Most textbooks suggest that psychrophiles have a maximum growth temperature 
of 30° C., but psychrophiles with a maximum growth temperature greater than 
30° C. have been frequently encountered (1, 110, 112, 120, 140, 145, 159, 1783, 
180, 186, 318, 326, 329). Bedford (22) observed an organism which grew from 
—5 to 45° C., Seleen and Stark (268) observed an organism that grew at both 5 
and 42° C., and Ingraham (150) observed two organisms which grew well at 
1° C. and had maximum growth temperatures of 40° C. or higher. Hucker (145) 
defined psychrophiles as those bacteria which grow at 0 but not at 32° C., but 
he did not encounter any such organisms in his extensive study of bacteria from 
frozen vegetables. Earlier, however, Bedford (22) had isolated a number of 
organisms which complied with the Hucker definition, as have other investi- 
gators (110, 150, 199). Since the maximum growth temperatures of organisms 
capable of low-temperature growth are so variable, the inclusion of a limiting 
maximum growth temperature in the definition of a psychrophile would serve 
no useful purpose. 

The minimum growth temperature of psychrophiles is also the minimum 
temperature of bacterial growth and it would seem unnecessary to include a 
limiting minimum growth temperature in the definition of psychrophiles. Text- 
books, however, set the minimum growth temperature of psychrophiles some- 
where in the range of —5 to 5° C., but usually at 0° C. Hess (138) observed 
bacterial growth at —6.5° C. and cites the work of a number of previous investi- 
gators observing bacterial growth from —1 to —7.5° C. In addition to the 
literature cited by Hess, a number of other investigators have observed bacterial 
growth at temperatures below 0° C., i.e., —3° C. (120, 187), —4° C. (23, 165), 
—5° C. (105, 118, 119), —7° C. (144, 288), and —8.9° C. (279). Ingram (153) 
reported in his review having personally observed halophilic bacteria growing 
on bacon at —10° C. Hence, to paraphrase a statement by Berry and Magoon 
(23), the minimum growth temperature of psychrophiles, and therefore of 
bacterial growth, is approximately —10° C., and growth below this temperature 
appears to be unlikely. 

Ability to grow at low temperature. The author prefers this basis for the 
definition of psychrophiles, by which, psychrophilic bacteria are those bacteria 
which grow at a relatively rapid rate at refrigeration temperatures. While 
few readers would dispute this statement, most of them would challenge it as a 
definition, but it adequately describes that group of bacteria which are being 
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considered in this review and is commensurate with the usual connotation of 
the word psychrophile as used in the dairy industry. The disadvantage and 
usefulness of this definition is in its vagueness; what is meant by relatively 
rapid and refrigeration temperatures? Most investigators are quite definite 
concerning what is meant by refrigeration temperatures and have specified 
every whole number temperature between 0 and 10° C. or between 32 and 50° F. 
The choice of temperature is usually a compromise between the facts, that lower 
temperatures reduce the likelihood of ineluding bacteria of predominantly 
mesophilic characteristics and that higher temperatures reduce the likelihood 
of excluding bacteria that might significantly contribute to the microflora of 
a sample held at the higher refrigeration temperatures (e.g., 50° F.). The more 
usually specified limiting temperatures in the dairy industry have been 5° C. 
(41° F.) and 45° F. (7.2° C.). 

For consistency, it is important that the definition of psychrophiles and 
their method of enumeration reflect each other. Sinee Standard Methods for the 
Examination of Dairy Products (285) has set the counting procedure at a 
maximum temperature of 7° C., the limiting temperature for psychrophilic 
growth might logically be set at 45° F. (7.2° C.) without seriously deviating 
from the established dairy counting procedure or with the concept of psychro- 
philes held by investigators in other fields. With this choice of temperature the 
above definition takes a more definite form: psychrophilic bacteria are those 
bacteria which grow at a relatively rapid rate at or below 45° F. (7.2° C.). 
The relatively rapid was retained in the definition by design. The definition 
could be made more specific by assigning a maximum generation time—a genera- 
tion time of approximately 15 hr. would result in the formation of a visible 
eolony on a plate in ten days—but this would then require the determination of 
generation times, make plate-counting procedures inconclusive, be less under- 
standable to the layman, and be of little or no practical value. 

Methods of enumeration. The conditions prescribed for the isolation or the 
enumeration of psychrophiles either reflect the investigators’ definition of psy- 
chrophiles or serve as a definition per se. Historically, the dairy bacteriologists 
have contributed, and are still contributing, their share to the wide variety of 
media, incubation times, and incubation temperatures used to enumerate, and 
hence, to tacitly define psychrophiles. A table showing these incubation condi- 
tions would serve no purpose other than to show the great variety employed and 
such a partial table has already been presented by Thomas (295) in his review. 
Clearly, however, one would expect to experience different counts and be dealing 
with a different flora if they used any two of the following four diverse incuba- 
tion schemes reported in the dairy literature: 2-4° C. for five days (201) ; 
5-7° C. for seven to ten days (285) ; 10° C. for 14 days (189) ; or 10° C. for 20 
days (304). A survey made by Alford (3), however, of investigators working 
with psychrophiles, showed that most dairy bacteriologists used 5° C. for seven 
days and standard plate count agar medium, while 28 investigators of other food 
products reported using 11 different media and ten different incubation 


conditions. 
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Ingraham and Stokes (152) have defined psychrophiles as those bacteria 
that form easily visible colonies on solid media within 14 days at 0° C. While 
the bacteria so obtained are certainly psychrophiles, the temperature is too low 
and the incubation time too long for this method of enumeration and definition 
to be greeted with enthusiasm by investigators working with refrigerated food 
and dairy products. 

The method of choice for the enumeration of psychrophiles is that given by 
Standard Methods for the Examination of Dairy Products (285), by which the 
psychrophilic bacterial count is determined by those organisms capable of 
forming visible colonies on plates incubated at 5-7° C. for seven to ten days. This 
choice seems to be an excellent compromise between the more restrictive methods 
proposing lower temperatures or shorter times and the less selective methods 
proposing higher temperatures or longer times. Further, this method of enum- 
eration is commensurate with the previously suggested definition. Thomas et al. 
(297a) has recently supported this incubation scheme by strongly recommending 
that plates be incubated for ten days at 7 + 0.5° C. for the determination of 
psychrophiles. Serious consideration should be given to this recommendation, in 
the interest of establishing a universally usable standard procedure for the 
enumeration of psychrophiles. 

Criteria which are independent of the growth temperature. Most investi- 
gators are, understandably, reluctant to define psychrophilic bacteria, and avoid 
this problem by characterizing them. Hence, in addition to their ability to grow 


at low temperatures one finds statements to the effect that ‘‘ it is generally agreed 
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that psychrophiles do not survive pasteurization’’ or ‘‘they are predominantly 
gram-negative rods.’’ These statements are true and it is equally true that 
psychrophiles are predominantly catalase-positive, asporogenous, resistant to 
penicillin, nonacid-forming, motile, resistant to the toxicity of basic dyes, ete. 
It is unlikely that a nonmotile organism growing at low temperature would be 
excluded as a psychrophile, but for some unknown reason it is not as unlikely 
that a thermoduric organism or a gram-positive organism be so excluded. One 
study carefully demonstrated the growth of several thermoduric bacteria at 
5° C. and concluded that they were not psychrophilic because they were thermo- 
durice (30). In one paper studying psychrophiles in raw milk only gram-negative 
rods were considered for further study (regardless of their growth temperature), 
which resulted in the interesting observation that one of the psychrophilic iso- 
lates did not grow at low temperature (191). In a subsequent paper from the 
same laboratory, using milk from reasonably the same source, organisms which 
grew at low temperature (regardless of their gram outcome) were investigated 
and species of the genus Micrococcus were found to be prominently present (8). 
This is not meant to imply that either thermoduric or gram-positive psychro- 
philes are of great importance, for they are not, but simply to point out that 
those features which in general characterize psychrophilic bacteria are not as 
yet acceptable in defining them. 
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ESTIMATION OF PSYCHROPHILES 


Most of the methods of enumerating or estimating psychrophiles have been 
more appropriately discussed in the sections of this review on definition and 
keeping quality. There are several interesting aspects of determining psychro- 
philic populations, however, that require further elaboration. 

The present recommended method for the enumeration of psychrophiles— 
incubation at 5-7° C. for seven to ten days (285)—has the disadvantage in 
quality control work of requiring too long a time before results are obtained. 
Based on the reasonable assumptions that the psychrophilic flora in a sample is 
predominantly gram-negative, and that the measurement of the gram-negative 
flora would in turn give an indication of the level of psychrophilic contamina- 
tion, several quality control tests have been devised using higher ineubation 
temperatures for shorter times. These tests require the presence in the growth 
medium of an inhibitor for gram-positive organisms. Elliker (83) suggested the 
use of violet red bile agar for detecting the surface spoilage organisms in 
cottage cheese, and Collins (50) demonstrated that this medium could be sue- 
cessfully used to enumerate Pseudomonas viscosa, Pseudomonas fragi, and 
Alealigenes metalealigenes in 48 hr. at 25° C. Druce et al. (75) showed that 
colonies of Pseudomonas, Alcaligenes, Flavobacteritum, and Achromobacter all 
grew on violet red bile agar in 20-24 hr. at 30° C., but the colonies were usually 
small and often white. Several species of Bacillus also grew under these con- 
ditions. Simonart and Lambert (277) suggested the use of penicillin in agar 
medium for the enumeration of gram-negative organisms and Broitman ef al. 
(35) used the surfactant Nacconal NR SF to inhibit gram-positive organisms 
in their reduction test for keeping quality. These latter authors also tested 
sodium lauryl sulfate in this respect, with less success. Gyllenberg et al. (116) 
added crystal violet to ammonium lactate agar to increase the selectivity of 
this agar for pseudomonads. 

Mesophilic bacteria surviving heat-treatment have been shown to require 
different conditions for the resumption of growth than those required for the 
growth of nonheated cells (162, 214, 216) and this is also true of psychrophilic 
bacteria. Heat-treated psychrophiles differ from nonheated controls in being 
more fastidious in their nutrient requirements for initiating growth, in having 
a more pronounced lag phase at low temperature, and in being more sensitive to 
the pH of the growth medium (130, 131, 134, 171, 173). Hence, these differ- 
ences need to be taken into account in enumerating heat-treated psychrophiles. 
On the other hand, psychrophilic bacteria surviving treatment with chlorine 
(173) or iodophors (132) do not appear to require a change in the conditions 


necessary for the resumption of growth. 


The influence of the diluent used in the counting of psychrophiles may 
seriously affect the results. The influence of the type of diluent on the survival 
of Pseudomonas putrefaciens in dilution blanks was thoroughly investigated 
by Wagenaar and Jezeski (315). They showed that there was a wide variance 


in the toxic effect of distilled water on the strains tested and that for this 
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organism gelatin-phosphate diluent was the most reliable of tne many solutions 
tested. 

Incubation of plates at 32° C. has been shown to be the most favorable tem- 
perature for obtaining maximum bacterial counts on freshly, 24 hr. or less, 
pasteurized milk (21). After refrigerated storage, however, presumably due to 
the growth of psychrophiles, incubation of plates at lower temperatures gave 
maximum bacterial counts. Nelson and Baker (217) investigated the influence 
of time and temperature of plate incubation on the bacterial counts of milk 
held under refrigeration and recommended that the incubation of plates at 21° C. 
for four days or at 25° C. for three days be used for the detection of high bac- 
terial counts, due to growth during refrigeration. These same incubation times 
and temperatures were subsequently recommended by Van der Zant and Moore 
(309, 310) for obtaining maximum counts in frozen desserts made from re- 
frigerated mixes and for counting isolated cultures of psychrophilic pesudo- 
monads. These incubation schemes were not designed to estimate psychrophiles, 
but only to adequately include psychrophiles in viable bacterial counts of milk 
samples. 

MICROORGANISMS INVOLVED 

The bacterial genera most commonly found to contain psychrophilic species 
are Pseudomonas, Achromobacter, Flavobacterium, Alcaligenes, Escherichia, 
and Aerobacter. The general consensus is that Psewdomonas is the most com- 
monly encountered and this is true not only in dairy products (6, 90, 154, 172, 
259, 260, 261), but also in meat (17, 18, 40, 121, 164, 289), fish (9, 104, 177), 
poultry (19), and eggs (93). Earlier investigators, however, found Achromo- 
bacter to be predominant (9, 88, 105, 301, 319), but this discrepancy was prob- 
ably due to the nomenclatural changes in the newer editions of Bergey’s Manual 
of Determinative Bacteriology (34), as was found to be the case in the reclassi- 
fication by Brown and Weidemann (40) of the psychrophiles isolated by Empey 
and Seott (87). Psychrophilic bacteria, however, are not limited to the six 
genera listed above. Given in Table 1 are genera which have been reported to 
contain psychrophilic species and additional references to a few of the investi- 
gators who have isolated and observed their growth at low temperature. 

It is evident from Table 1 why psychrophilic bacteria are considered to be 
predominantly gram-negative, nonspore-forming rods. (It is fashionable, al- 
though redundant, to include the characteristic of being nonspore-forming in 
this description. There are no spore-forming gram-negative rods, with the pos- 
sible exception of the gram-variable and rather rare bacterium Methanobacteriwm 
omelionskit.) Only the last nine genera listed are gram-positive—Arthrobacter 
is gram-variable—and, with the exception of Micrococcus, have only infrequently 
been observed in dairy products. Many investigators are reluctant to include 
Lactobacillus, Streptococcus, and Micrococcus as psychrophiles, despite the fact 
that they have been clearly shown to grow at low temperatures, and there is a 
temptation to create and use definitions which exclude these organisms. This 
approach may allow the dairy microbiologist to incautiously conclude that only 
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TABLE 1 


Genera containing psychrophilic bacteria and references to the investigators who have isolated 
them and observed their growth at low temperatures 











Isolated from milk and Isolated from other 
Genera dairy products sourees 
Pseudomonas 26, 50, 66, 85, 139, 140, 137, 150, 239, 276, 284 
237, 286, 305 
Achromobacter 26, 66, 85, 139, 154, 245, 18, 22, 104, 129, 164, 
259, 260, 261, 281 177, 289 
Alcaligenes 1, 2, 26, 66, 139, 154, 259, 18, 177 
260, 261, 286 
Flavobacterium 139, 154, 172, 259, 260, 18, 22, 104, 105, 129, 
261, 286, 329 137, 145, 159, 177 
Escherichia 26, 90, 125, 259, 260, 261, 120 
262, 286, 296, 302 
Aerobacter 8, 26, 66, 90, 110, 125, 191, 129 
228, 248, 262, 286, 296, 
302 
Aeromonas 18, 40, 208 
Serratia 139, 297 22 
Proteus 45, 66, 135, 164, 187, 248 55, 120 
Chromobacterium 64, 202, 265 87, 175, 281, 299 
Vibrio 92, 104 
Arthrobacter 8, 302 
Lactobacillus 26, 90, 248 5, 99, 121, 164, 218, 287 


Microbacterium 18, 22, 198, 324 


Streptococcus 26, 90, 187 18, 99, 270, 299 
Micrococcus 8, 25, 64, 135, 187, 286, 18, 22, 36, 38, 87, 88, 104, 
298, 302, 304 105, 120, 129, 177, 
199, 299 

Corynebacterium 25, 104, 177 
Bacillus 2 299 
Sarcina 135 
Actinomyces 119 

oor 


Brevibacterium 227 


gram-negative rods are psychrophilic, the disadvantages of which have already 
been discussed. 

References to the genera Citrobacter and Klebsiella, although clearly defined 
(250) and convincingly supported (58), were included in Table 1 under 
Escherichia and Aerobacter, respectively. Other workers have observed the 
low-temperature growth of coliforms, but did not distinguish between the sepa- 
rate genera (61, 251, 272). Schultze and Olson (261), in a study of the dis- 
tribution of psychrophiles in commercial dairy products, observed that a 
surprising number of their isolates (10.8%) were coliforms. A more thorough 
examination of these isolates showed that the majority of these coliforms most 
closely resembled, but did not correspond in detail with, Aerobacter cloacae (262). 

The genus Arthrobacter is a recent addition to the psychrophilic genera and 
is ineluded for the first time in the 1957 edition of Bergey’s Manual of Deter- 
minative Bacteriology (34). Arthrobacter was reported by Andrey and Frazier 
(8) to be the predominant psychrophilic organisms in bulk tank milk from 
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barn-fed cows and Thomas et al. (299) reported isolating an organism from 
raw milk which resembled Arthrobacter. 

While the predominant psychrophiiic genus is Pseudomonas, the predominant 
species of this genus are P. putrefaciens, P. fragi, and P. fluorescens. One or 
all of these species are invariably chosen by investigators as typical in their 
studies of the various characteristics of psychrophiles, such as lipolysis, proteol- 
ysis, heat resistance, spoilage, effect of sanitizing agents, ete. Briefly, P. putre- 
faciens is primarily associated with surface taint in butter and proteolytic 
defects, P. fragi with rancidity and fruity odor, and P. fluorescens with ran- 
eidity and proteolytic defects. These organisms will be discussed throughout 
this review, but their importance merited separate mention. 


SOURCES 

That the natural sources of the prominent psychrophilie bacteria are water 
(27, 50, 56, 70, 127, 185, 145, 161, 255) and soil (27, 91, 97, 185, 145, 150, 
178, 181, 182, 205, 207, 255, 327) has been abundantly demonstrated. In older 
literature these organisms were known as water bacteria and they have been 
repeatedly and consistently found in every conceivable water source; farm 
water supplies (176, 203, 204, 292, 296, 300, 302, 327), dairy plant water sup- 
plies (28, 57, 126, 143, 154, 176, 179, 181, 182, 200, 202, 205, 230, 233, 
240, 274, 275, 283, 292, 327), municipal water supplies (57, 264, 317), ditches, 
lakes, and streams (97, 181, 327), salt water (22, 91, 97, 333), and fresh water 
ice (129). When such water comes in direct contact with a dairy product— 
washing of butter and cottage cheese or residual rinse water on equipment—it 
may cause a serious psychrophilic contamination of the dairy product and 
result in its rapid spoilage. 

While the initial source of psychrophiles in the dairy industry is the water 
supply, a secondary, and perhaps more frequently encountered source of con- 
tamination, is improperly cleaned equipment and utensils. Usually, equipment 
and utensils have been implicated in a general way (89, 127, 147, 181, 182, 240, 
253, 296, 300, 303, 305), but occasionally specific equipment has been cited as 
the source of psychrophilic contamination: pipelines (126, 147, 179, 283), milk 
eans (204), butter churns (181, 283), holding tanks (159, 176, 179), cream 
pumps (283), valves (192, 147), and milking machines (111, 296). 

Psychrophilic bacteria in raw milk were recently studied by Thomas e¢ al. 
(299) and thoroughly reviewed by Thomas (296). Less clear are the sources 
of psychrophiles in pasteurized milk, except in general terms, despite the recent 
and lucid review of the subject by Thomas et al. (297). Psychrophilic bacteria 
in pasteurized milk are considered to be post-pasteurization contaminants and 
in freshly pasteurized milk psychrophiles are usually not demonstrable. After 
low-temperature storage, however, surveys have shown psychrophiles to be 
present in most samples (63, 156) and frequently all samples tested (95, 172, 
252, 253, 318, 323). This low magnitude but high incidence of psychrophiles 
in pasteurized milk is one aspect of sources that may be worthy of further 


clarification and study. 
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KEEPING QUALITY 

Both the growth rate and biochemical activity of bacteria are reduced by a 
reduction in temperature. The keeping quality of milk and dairy products is, 
therefore, logically increased by a reduction in storage temperature and this 
logic has been uniformly supported by the literature (138, 31, 32, 50, 60, 62, 63, 
128, 174, 189, 201, 215, 229). At low-temperature storage, however, psychro- 
philes may increase markedly (16, 20, 41, 253), replace the normal flora (2, 85, 
241, 252, 323), and ultimately be the cause of spoilage (26, 28, 41, 42, 50, 155, 
193, 224, 270). These observations have led to the demonstration and conclusion 
that keeping quality and psychrophilic contamination are closely related (16, 
27, 29, 31, 35, 226). 

It is now, perhaps, understandable why the standard plate count has been 
shown to be of little value for predicting the keeping quality (15, 29, 41, 42, 
252), but it is surprising to find that the psychrophilic count is also of little 
25, 29, 35, 42, 226, 252). Presumably, this is because a 


ao, o 


value in this respect 
low level of contamination with a biochemically active, rapidly growing psy- 
chrophile may result in a poorer keeping quality than that resulting from a 
relatively large number of biochemically inert psychrophiles. Olson et al. (225) 
emphasized that the type of contaminating organism is more important than 
the number. 

In general chemical tests, including protein stability, tyrosine and trypto- 
phane production, pH and acidity have proved unsuccessful for use in pre- 
dicting the keeping quality, although Nutting (219) reported reasonable success 
in correlating the lactate ion concentration to the keeping quality of raw milk, 
but this could not be extended to pasteurized milk. Neither methylene blue 
reduction (10, 102, 142, 169) nor resazurin reduction (13, 14, 47, 102, 169) 
as normally performed have provided good indexes for keeping quality, but 
these tests are more closely correlated to the standard plate count than to the 
psychrophilie count. 

In the development of keeping quality tests most investigators have recog- 
nized the importance of psychrophilic bacteria. In their test for keeping quality, 
Hiscox et al. (141) ran a methylene blue reduction test at 15.5° C. to favor the 
detection of psychrophiles. They found that the reduction of the dye coincided 
with the appearance of a flavor defect. To predict the keeping quality of pas- 
teurized milk, Broitman et al. (35) measured triphenyl tetrazolium chloride 
reduction in milk to which Nacconal NR SF was added to inhibit gram-positive 
bacteria. A statistical treatment of their data, however, would have shown that 
the 95% confidence limits for predicting keeping quality varied from + 2 days 
to + 6 days, depending on the reduction time. Day and Doan (67) measured 
neotetrazolium reduction in evacuated tubes and concluded that a positive reduc- 
tion test occurred an average of 3.75 days prior to spoilage of the sample. Sta- 
tistical treatment of their data would have shown a 95% confidence limit for 
predicting the keeping quality of + 3 days. Gyllenberg et al. (116) developed 
a keeping quality test based on the ability of ammonium lactate—crystal violet 
agar to detect pseudomonads in milk. Virtanen (313) suggested that the meas- 
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urement of catalase in butter might be used as a keeping quality test, since 
the psychrophilie bacteria which spoil butter produce large amounts of this 
enzyme. While not actually predicting keeping quality, the Moseley test de- 
scribed by Johns (156) is valuable for quality cnotrol and gives an indication 
of psychrophilie growth by comparing the increase in standard plate count at 
32° C. before and after storage of the sample at 45° F. for five days. Johns 
(157, 158) also indicated that psychrophiles were largely responsible for the 
marked increase in counts observed in many samples preliminarily incubated 
for 18 hr. at 55° F. As yet, there is no test available for accurately predicting 
keeping quality. Such a test, however, must take into account the level of psy- 
chrophilic contamination, its rate of increase with storage, and its activity in 
producing deleterious effects. This is a difficult set of criteria to meet, but is 
certainly worth the effort of an imaginative investigator. 

During the last decade a great trend toward the bulk tank storage of raw 
milk has occurred. This trend has instigated a number of studies on the bae- 
teriological quality of bulk tank raw milk and on the feasibility of the ac- 
companying every-other-day pickup schedules. These studies have shown that 
the bacterial counts in raw milk do increase, that this increase is due to the 
growth of psychrophiles, but that this increase is usually slight (12, 189, 190, 
191, 241, 307). It has been strongly cautioned, however, that to maintain raw 
milk at high quality the temperature must be kept below 40° F. and rigorous 
sanitation must be employed (12, 20, 192, 234, 296). 

Inglis (149) coneluded that the quality of milk increased by conversion to 
bulk tanks, but Atherton (11, 12, 15) showed that while there was some improve- 
ment on the whole, there was no overwhelming evidence of improved quality, 
since many farmers delivered milk of lower quality after conversion to bulk 
tank. VanDemark and March (307) demonstrated that the blend temperatures 
did not affect the growth rate of psychrophiles, provided there was rapid cooling 
and provided the temperatures were not as high as 70° F. In general, every- 
other-day pickup did not appear to affect the storage quality of raw milk (13, 
296, 307), but Smillie et al. (280) in Scotland experienced significantly higher 
counts in such milk. The suggestion has been made that psychrophilic counts 
be given consideration in the establishment of standards for bulk tank raw milk 
(234, 280), but Atherton (12) concluded that a standard plate count at 32° C. 
gave a valid estimate of the bacteriological quality. 

The ultimate failure of keeping quality due to spoilage by psychrophilic 
bacteria is manifested in a large and varied number of defects. A few of the 
criticisms, odors, and flavors that may develop are fruity (50), rancid (70), 
putrid (49, 70, 78, 84, 240, 283, 325-329), ropy (100, 101, 293, 298), discolora- 
tion (202, 321), cheesy (84, 136, 230), soapy (213), bitter (7, 196), sweaty feet 
odor (77), skunk-like (48), potato odor (33, 223), fishy taint (197), and aroma 
loss (81, 84, 232). A good discussion of these defects and the specific psychro- 
philic bacteria producing them can be found in some textbooks (98, 122) and 
the types of butter spoilage have been thoroughly discussed and reviewed by 
Demeter (69). 
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Many of the defects, perhaps commensurate with their importance to the 
dairy industry, have received very little attention. While the psychrophilic 
bacteria responsible for these defects have been identified, little information is 
available on the products responsible, the substrates from which they are formed, 
the conditions of formation, and the metabolic pathways involved. In 1902, 
HRichholz (80) first observed that fruity odor (then called strawberry odor) was 
caused by P. fragt, but it was not until 1958 that Pereira and Morgan (237) 
identified ethyl isovalerate as the responsible compound and showed its mode 
of formation. Similar studies are still to be done on most of the odors and 
flavors caused by psychrophiles. 


PUBLIC HEALTH SIGNIFICANCE 

Psychrophilic bacteria are not of public health significance insofar as they 
are not known to produce disease. Only two investigators, Fischer (92) in 
1893 and Conradi and Vogt (55) in 1901, have claimed to have observed psy- 
chrophilic pathogens, but these reports have not been confirmed or extended in 
the roughly 60 yr. sinee their publication. That the growth of psychrophilic 
bacteria might produce harmful products has been suggested (54, 246, 303), but 
no supporting data were given. Hence, it would seem reasonable to assume that 
psychrophilic bacteria are not a hazard to public health. Neither are psychro- 
philes an index of fecal contamination, for they were not found to be present 
in feees (50). 

In 1957, Ohye and Seott (221) observed that Clostridium botulinum Type E 
was capable of germination and growth at low temperatures. This was con- 
firmed by Schmidt et al. (257), who observed germination, growth, and toxin 
production in beef stew at 43° F. in 24 days. Hence, while this organism is an 
obligate anaerobe and probably grows too slowly to be considered a psychrophile, 
it remains a very unlikely, but potentially dangerous, contaminant in milk pas- 
teurized at ultra-high temperatures or in improperly sterilized sterile milk, 
even though these products might be held under refrigeration. This organism 
has not been studied in milk. 


METHODS OF CONTROL 


Pasteurization. The preponderance of evidence shows that psychrophiles do 
not survive either laboratory pasteurization (26, 226, 252, 253, 266-268, 297, 
300, 301, 317, 318) or commercial pasteurization (226, 252, 253). In fact, many 
of the prominent psychrophiles have been demonstrated to be extremely sensi- 
tive to heat, viz. P. fragi (46, 148, 231, 233), P. viscosa (46, 161, 231-233), 
P. mephitica (161), P. fluorescens (46, 173), and P. putrefaciens (182, 326). 
Davis and Babel (66) studied the heat resistance of bacteria producing slime on 
cottage cheese and the most heat-resistant isolate did not survive 2.5 min. at 
145° F., and some isolates did not survive 0.25 min. Pasteurization has also 
been shown to be effective in the control of psychrophilic bacteria in plant water 
supplies (264). Henee, it is logical to conclude that the presence of psychro- 
philes in pasteurized dairy products and milk is a result of post-pasteurization 
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contamination and it has been proposed (318) that psychrophiles might be used 
as an index for post-pasteurization contamination. 

The above evidence and conclusions, however, do not preclude the existence 
of thermodurie psychrophiles. Generally, only a few isolates in a given study 
have been shown to be thermoduric; four of the 722 isolates of Erdman and 
Thornton (89), six of the 41 isolates of Jezeski and Macy (154), and four of 
the 188 isolates of Stark and Scheib (286) survived pasteurization. Atherton 
et al. (15, 16) showed that their thermoduric isolates grew at 50° F., but not 
at 45° F. This supported the contention that the inclusion as psychrophiles of 
those bacteria growing at or slightly below 50° F. was responsible for the demon- 
strated thermoduries (64, 225). For example, 50° F. would allow the inclusion 
of the viridans and enterococci streptococci, the latter of which are thermoduric 
(271). The possibility of thermodurie psychrophiles, however, is not eliminated 
by a lower temperature, since growth of thermodurics has been experienced by 
several investigators at and below 45° F. (2, 30, 163, 201). Abd-el-Malek and 
Gibson (1) deseribed and named Alcaligenes tolerans which was psychrophilic 
and capable of surviving pasteurization. Gyllenberg et al. (114) confirmed both 
the psychrophilic—growth at 5° C.—and the thermodurie nature of this micro- 
organism, which has probably been overlooked in the literature, due to its 
inability to grow with glucose as the sole source of carbon. Contrary to being 
of minor interest, A. tolerans was found by these authors to be the most prom- 
inent species in pasteurized milk. Clearly, the further investigation of thermo- 
duric psyehrophiles is desirable, although they will probably be of no more 
than remote practical significance to the market milk industry. 

Refrigeration. While there is no temperature above freezing which will 
completely curtail the growth of psychrophilic bacteria, these organisms grow 
more slowly as the temperature is reduced. At lower temperatures the decrease 
in growth rate is quite dramatic, particularly as the organisms approach their 
minimum growth temperatures. In detailed studies of the growth rates of psy- 
chrophiles, it has been shown that the temperature coefficient for growth in- 
creased with decreasing temperature in the low temperature range (110, 150, 
263). Greene and Jezeski (110) reported that a decrease in temperature from 
5 to 0° C. increased the keeping time of milk approximately the same number 
of days as did cooling from 30 to 5° C. Psychrophilic bacteria can be controlled, 
although not eliminated, by low-temperature storage and a few degrees difference 
in temperature in this range may greatly affect the growth rate. 

Halogens. Hypochlorite is generally agreed to be the most effective bacteri- 
cide available for the control of psychrophiles. There is considerable variation 
in the recommended concentrations of hypochlorite and time of action necessary 
to produce a satisfactory kill, but these might reasonably fall in the rather 
narrow range of 5 p.p.m. of hypochlorite acting for 5 sec. to 50 p.p.m. acting for 
1 min. (26, 51, 66, 167, 183, 231). From 2 to 10 p.p.m. of available chlorine 
have been recommended for the adequate control of psychrophiles in water 
supplies (143, 225, 255, 283), but probably 5 p.p.m. available chlorine would 
be adequate except under exceptional circumstances. It has long been known 
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that the germicidal activity of hypochlorites is markedly reduced by an increase 
in pH, a reduction in temperature, or the presence of organic matter and these 
factors must be considered in the determination of the efficacy of hypochlorites. 
A concentration of chloramine-T of at least 250 p.p.m. in a solution of not 
greater than pH 7.0 would appear to be about as rapid in germicidal action as 
50 p.p.m. of the slower (alkaline) hypochlorites (320). Commercial chloramine-T 
products, however, are not generally adjusted to such a low pH. Iodine com- 
pounds in the few studies made have been shown to be bactericidal to psychro- 
philes at approximately equivalert concentrations and times of action to those 
of the hypochlorites (26, 132, 316). 

Quaternary ammonium compounds. The application of quaternary ammonium 
compounds to dairy sanitation was thoroughly reviewed by Elliker (82) in 1950. 
He expressed the then-curreut opinion that these compounds were more germi- 
eidally active in an alkaline pH range and were reasonably ineffective against 
gram-negative bacteria. This opinion suggested that quaternary ammonium 
compounds would not be of great value in the control of a psychrophilie flora. 
It has since been demonstrated that gram-negative bacteria may be effectively 
killed by these compounds with the proper adjustment of pH, usually to a 
slightly acid solution (256, 282). In a more recent study (231) of the activity 
of quaternary ammonium compounds against psychrophilic bacteria, it was 
shown that 100 p.p.m. for 5 min. at pH 7.2 was required to destroy all of the 
eultures studied, that the germicidal activity was increased by the addition of 
pryophosphate, and that quaternary ammonium compounds were still not as 
effective as hypochlorites. 

Sodium chloride. Salt at the normal concentrations encountered in dairy 
products is not a strong deterrent to the growth of psychrophiles. Ail of the 
psychrophilie isolates of Bonner and Harmon (26) were capable of growth in 
trypticase soy broth containing 5% sodium chloride. Of the 15 strains of 
P. putrefaciens examined by Long and Hammer (182), all grew in litmus milk 
containing 4% salt, six grew at 6% salt, one grew at 8% salt, and none grew 
at 10% salt. A strain of this same bacterium studied by Wolochow et al. (326) 
grew at 4%, but not at 6% salt in skimmilk. The conclusion that salt offers 
little protection against psychrophilie spoilage bacteria in cottage cheese is 
certainly commensurate with the results of the above studies and the practical 
experience of cottage cheese spoilage. Salting tends to delay spoilage in butter 
(70, 182), but it can not be depended upon to prevent spoilage (49, 125). The 
effect of the salt concentration in butter on the black discoloration produced 
by Pseudomonas nigrifaciens is particularly fascinating, since this discoloration 
does not occur in unsalted butter or in butter salted to greater than 1% (321). 

Sorbie acid. Sorbie acid has been shown to selectively inhibit catalase-posi- 
tive microorganisms (86, 331), which would include most psyehrophiles. For 
any reasonable lethal activity, however, the pH must be less than 5.0 (26, 117) 
and Habib (117) found a striking absence of lethal effect at 20° C. and below. 
Sorbie acid concentrations of 0.10% or greater impart an objectionable flavor 
to cottage cheese (26, 103) and the formation of resistant mutants has been 
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observed (332). Therefore, the conflicting results concerning the efficacy of 
sorbie acid in controlling psychrophiles in cottage cheese is not surprising. 
Geminder (103) has reported extended keeping quality of cottage cheese treated 
with sorbic acid, while Bonner and Harmon (26) demonstrated that even 
impractically high concentrations of sorbic acid were not lethal to their test 
psychrophiles. These latter authors realized, however, that lack of cidal activity 
may not reflect the ability of sorbic acid to inhibit growth, which is all that 
is necessary to improve keeping quality. Further information is necessary to 
seriously evaluate the utility of sorbic acid to the dairy industry. 

Antibiotics. The effect of nine different antibiotics on a number of strains 
of P. fluorescens, P. fragi, and P. putrefaciens was examined by Heather and 
Van der Zant (133). Their results showed that the majority of the test cultures 
were more sensitive to tetracycline, oxytetracycline, and chlorotetracycline than 
to the other antibiotics and that penicillin had no inhibitory effect on any of 
the test cultures. Other investigators have not tested the effect of antibiotics on 
psychrophiles directly, but have shown an improvement in the keeping quality 
of raw and pasteurized milk by the addition of antibiotics (94, 108, 269, 273). 
Penicillin has been only slightly effective in the improvement of keeping quality, 
but the tetracyclines have had a definite retarding affect on bacterial spoilage. 
Olson and Ball (222), however, experienced variable results in controlling bae- 
terial spoilage of cottage cheese with 6 p.p.m. aureomycin (chlortetracycline) 
and Olson et al. (226) found that the keeping quality of pasteurized milk was 
not extended by the addition of 0.2 wg. per milliliter of aureomycin. Additional 
studies are needed to establish the minimum concentrations of antibiotics neces- 
sary for consistent extension of keeping quality and to evaluate the possible 
utility of antibiotics in the dairy industry. 

pH. Microorganisms which produce an alkaline reaction in litmus milk and 
are strongly proteolytic generally are reasonably sensitive to increases in acidity. 
Since the psychrophiles are largely this type of microorganism, it is reasonable 
to expect that their growth and activity should be sensitive to a reduction in pH, 
and indeed, this is the case. The growth rates of all the psychrophilic isolates of 
Bonner and Harmon (26) were materially reduced below pH 5.4, P. putrefa- 
ciens was commonly destroyed by pH 5.3 or below (182), P. fragi and A. metal- 
caligenes were effectively retarded at pH 5.0 (231, 233), P. viscosa developed 
slowly at pH 4.8 (231), and slime on cottage cheese was observed at pH 4.7 (66) 
and at pH 4.6 (50). Hence, it appears that the growth of psychrophiles is 
progressively retarded from about pH 5.4 to an estimated pH of 4.5. 

Carbon dioxide. It has long been recognized that carbonation is an effective 
means of controlling the growth of microorganisms in carbonated beverages (72, 
166, 322), extending the storage life of chilled beef (88), and delaying the 
slime formation by psychrophiles on cut-up chicken (220). An early study by 
Prucha et al. (243, 244) of the effect of carbonation on the keeping quality of 
dairy products concluded that carbonation did not prevent, nor in most cases 
did it retard to any great extent, the deterioration of dairy products. Henee, 
use of carbon dioxide for the preservation of dairy products has been limited 
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to oxygen replacement, a role which it shares with nitrogen. Revived interest 
in the possible use of carbon dioxide, however, may be stimulated by the recent 
report of Tsantilis and Kosikowski (306), who showed that cottage cheese under 
a carbon dioxide atmosphere consistently retained a fresh flavor over extended 
storage periods at refrigeretion temperatures and that carbon dioxide was 
superior to nitrogen in this respect. 

Humidity. A knowledge of the effect of humidity on the survival of psy- 
chrophiles is important in evaluating the possible effect of atmospheric condi- 
tions on and the magnitude of atmospheric transport of these organisms. Such 
a study was made by Brown (36-38), in which each of the three psychrophiles 
tested showed a minimal death rate in the region of 65 to 70% relative humidity. 
Above this region there was a positive, and below a negative, correlation between 
death rate and humidity. All of the bacteria tested died under airborne condi- 
tions at the test temperatures of 0 to 10° C. This study was carefully done and 
conclusive, but needs to be confirmed and extended. 

Special creaming mixture. Mather and Babel (194), in the development of 
a special creaming mixture for the control of the diacetyl content of cottage 
cheese, noticed a delay in flavor defects when their creaming mixture was 
employed. In a subsequent study (195), these authors showed that the special 
creaming mixture consisting of 1.5 parts by weight of 20% cream and one part 
by weight of an acidified culture of Streptococcus citrovorus (i.e., Leuconostoc 
citrovorum) prevented slime formation on cottage cheese inoculated with 
P. fragi and P. putrefaciens. In addition, coliform organisms were inhibited 
and loss of the diacetyl content was prevented. This inhibitory effect was shown 
not to be due to the volatile acids present in or the slightly lower pH of the 
creaming mixture. As yet, the inhibitory factors or compounds present in this 
special creaming mixture have not been determined. 


BIOCHEMICAL ACTIVITY 


It is within the scope of this review to briefly inspect the biochemical activi- 
ties of some of the psychrophilie bacteria, but only insofar as the subject is 
germane to dairy considerations and only at the level of rather gross observa- 
tions. Even at this level—or perhaps because it is at this level—psychrophilic 
bacteria appear to present conflicting characteristics. They are considered to 
be reasonably inactive in the reduction of dyes (109, 142), but rapidly cause 
the destruction of diacetyl (81, 84, 316), presumably by reduction to acetyl- 
methylearbinol and possibly even to 2,3-butylene glycol (232). Some psychro- 
philes are active phosphatase producers, notably P. putrefaciens (124), but do 
not appear to inerease the phosphatase in milk samples (15). A number of 
psychrophiles are oxidase-producing, but are not responsible for oxidized flavors 
in milk. In fact, when large inoculums of these organisms were added to milk 
the development of oxidized flavor was markedly or completely inhibited (53). 
Psychrophiles are generally characterized as being inert toward carbohydrates, 
yet they are in a large part responsible for the elucidation of the pathways of 
carbohydrate degradation (113, 330). 
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The facet that psychrophiles usually produce little or no reaction in litmus 
milk is probably responsible for their being considered biochemically inert. 
When psychrophiles do produce a reaction in litmus milk they usually cause an 
increase in alkalinity (146, 164, 253, 299a). Jones and Thomas (159) observed 
a psychrophilic Flavobacterium that produced no visible change in sterile milk 
in seven days at 22° C. Further, psychrophiles sometimes are slow to produce 
spoilage defects (14, 235, 299, 318). Broitman et al. (35) observed a sample of 
milk with a psychrophilic count of 190,000,000 per milliliter which kept for six 
days at 4.5° C. As though to make up for their relative inactivity in litmus milk, 
psychrophilic bacteria are usually strongly lipolytic, proteolytic, or both. 
Roughly 90% of the psychrophiles isolated by Schultze (259) were either lipo- 
lytic or proteolytic and 66% were both. 

Lipolytic activity. Despite the obvious and long recognized importance of 
the lipolytic activity of bacteria in dairy products, other than the demonstration 
of the presence of lipolytic bacteria (32, 68, 85, 123, 154, 286) or the observa- 
tion that a particular bacterium produced rancidity (6, 7, 74, 184, 202, 239, 
283), very little work has been directed toward the study of lipolysis by psychro- 
philic bacteria. A notable exception is the detailed study of the lipase of P. fragi 
by Nashif and Nelson (209-211). These authors demonstrated that this lipase 
was preferentially produced at low temperatures and none was produced by 
these organisms when growing at 30° C. or higher. This lipase, once produced, 
had a temperature optimum of 40° C., had a pH optimum of 7.0 to 7.2, exhibited 
a specificity for tricaprylin, was relatively inactive towards tributyrin and 
triolein, and was heat stable, requiring heating to 99° C. for 20 min. to com- 
pletely inactivate. Of immense practical significance, butter containing residual 
lipase from P. fragt undergoes considerable fat degradation during storage 
even at —10° C., but especially at 5° C. and above. This low-temperature lipol- 
ysis has also been noted by other investigators (32, 236), 283). 

The ability to produce lipase varies considerably between different genera 
(212), between different species of the same genus (106, 212, 312), and even 
between strains of the same species (106, 180, 210). The optimum temperature 
of lipase production also varies markedly with the producing organism (212). 
The lipases produced exhibit different specificities toward triglycerides (52, 85, 
180, 186) and have different pH optima for activity (4, 185, 186, 209). Cutechins 
et al. (59) suggested that lipase might be an adaptive enzyme, but most workers 
have not agreed with this contention (4, 186, 210). There is general disagree- 
ment when lipases from different sources are compared with respect to heat 
stability, substrate specificity, optimum temperature for production and ae- 
tivity, adaptive characteristics, and inactivating agents. The existing knowledge 
of microbial lipases, however, is only fragmentary and further study may resolve 
many of these disagreements. One point of agreement is that lipolytic psychro- 
philes are frequently encountered (139, 268, 289, 292, 302, 309, 311) and that 
many, if not most, of the fat-splitting bacteria are psychrophilie (278). 

Proteolytic activity. Psychrophiles which possess proteolytic activity have 
been frequently encountered (6, 38, 146, 154, 238, 268, 292, 309) and, indeed, 





1000 LLOYD D. WITTER 


the majority of isolates of psychrophilic bacteria have been observed to be pro- 
teolytic (259, 286, 302). It was observed very early that a common failure of 
milk held at low temperatures was due to proteolysis (236). Holding of milk 
at low temperatures is selective against those bacteria which normally produce 
acid from lactose, and selective for the psychrophilie bacteria which preferen- 
tially attack fats and proteins. Pure culture studies of proteolytic bacteria, 
however, have shown that the activity of proteolytic enzymes increases with 
increasing temperature. Van der Zant (308), in an investigation of the extra- 
cellular proteolytic enzymes of P. putrefaciens, showed that this enzyme system 
had an optimum temperature of 40° C. in attacking casein and 45° C. in attack- 
ing albumin. At 5° C., there was only slight activity toward casein and no 
activity toward albumin. In a further study of the endocellular proteolytic en- 
zyme system of this same organism (44), the optimum temperature for activity 
was again shown to be high. Peterson and Gunderson (239) have studied the 
proteolytic enzymes from P. fluorescens. They reported that the liberation of the 
extracellular proteolytic enzymes was greatest at 0° C. and decreased with increas- 
ing temperature. The activity of the endocellular proteolytic enzymes from these 
bacteria grown at low temperature was greater per milligram of protein than 
when the cells were grown at higher temperature. After elaboration, both the 
extracellular and endocellular systems increased in activity with an increase in 
temperature. Investigation of the characteristics, production, and activity of 
proteolytic enzymes systems from psychrophilic bacteria has only been started 


and present knowledge is very sparse. 


THE PHENOMENON OF LOW-TEMPERATURE GROWTH 

The psychrophilic bacteria are obviously distinguished from other bacteria 
by their ability to grow at low temperatures. The fundamental problem is why 
these organisms grow at low temperatures or what special properties they 
possess which enable them to grow at low temperatures. From a different point 
of view, the question may be asked as to why nonpsychrophilic bacteria fail to 
grow at low temperatures or what special properties they possess which deter 
their growth under these conditions. It is apparent that the solution to the 
problem of low-temperature growth is to be found only by comparing the re- 
sponses of psychrophiles and nonpsychrophiles to variations in temperature, and 
revealing the factors responsible for the differences in these responses. 

As the temperature is lowered there are some cellular activities which have 
been shown to increase or to qualitatively appear. Jordan and Jacobs (160) 
concluded that Escherichia coli used nutrients more efficiently at 15° C. than at 
35° C. for the formation of cellular material. Thiel (290, 291) showed an in- 
crease in the production of lactic acid, acetic acid, and alcohol by streptococci 
and an increase in the ratio of acetic acid formed to sugar utilized by lacto- 
bacilli when the temperature was reduced. Dorn and Rahn (73) showed that 
the efficiency of fermentation as an energy source for growth is greatest at low 
temperatures. Concerning pigment production, it has been observed that the 
optimum temperature for pigment production is lower than that for growth 
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(65, 140, 300, 321), that a Flavobacterium produced a more brilliant yellow 
pigment at 5 than at 20° C. (138), that the pigment formation of P. mgrifaciens 
was greater at 4 than at 15° C. and absent at 25° C. (321), and that two 
Pseudomonas species produced a blue-black pigment at 3° C., but not at a tem- 
perature of 15° C. or higher (140). The preferential liberation of proteolytic 
and lipolytic enzymes at low temperatures by some bacteria has already been 
discussed. While these observations show some of the possible gains in activity 
with the lowering of temperature and are of interest, they do not bring one much 
closer to the understanding of low-temperature growth. 

The groundwork for understanding low-temperature growth has been laid 
by Brown (39), Ingraham (150), and Ingraham and Bailey (151), who all 
compared the growth and activities of a psychrophile with a nonpsychrophile. 
Brown (39) concluded from his study that the systems involved in the oxidation 
of glucose and gluconie acid by a psychrophilic pseudomonad and P. aeruginosa 
did not differ greatly in those properties which determine their temperature 
relations. The oxygen uptake, with glucose by the psychrophile, however, had 
a lower temperature characteristic (slope of an Arrhenius plot) than that of 
P. aeruginosa, which showed that the psychrophile was less sensitive to changes 
in temperature. The growth rate of the psychrophile studied by Ingraham (150) 
was shown to have a strikingly lower temperature characteristic than that of 
the mesophile. In a subsequent study, Ingraham and Bailey (151) observed that 
the temperature coefficients (Qiy) of the tested psychrophiles for glucose oxida- 
tion, acetate oxidation, and formate oxidation were lower than those for the 
tested mesophiles. When glucose oxidation by cell-free extracts of these or- 
ganisms was measured, however, the temperature coefficient of the mesophile 
was lowered and corresponded with that of the psychrophile. Also, the tempera- 
ture characteristics of the activities of three different dehydrogenase systems 
were the same for cell-free preparations from either psychrophiles or mesophiles. 
Summarily, the rate of growth or rate of oxidative metabolism of psychrophiles 
are less sensitive to changes in temperature than those of nonpsychrophiles, but 
this difference in the temperature response of the rate of oxidative metabolism 
disappears when cell-free extracts are tested. This suggests that the difference 
in the temperature response of psychrophiles and nonpsychrophiles is associated 
with the integrity of cellular organization. The work so far has shown only the 
plausibility of this suggestion and not its reality. The fundamental problem 
of why psychrophiles grow at low temperature or, conversely, why nonpsychro- 
philes do not grow at low temperature, is still to be solved. 
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PAPER ELECTROPHORESIS OF CASEIN. I. THE USE OF BUFFERS 
CONTAINING UREA! 


L. M. LIBBEY anp U. 8S. ASHWORTH 


Department of Dairy Science, Washington State University, Pullman 


SUMMARY 


A study has been made of the paper electrophoresis of casein and casein fractions 
in Veronal buffers containing urea levels from 0 to 7.0 M. A method using the Sharples 
supercentrifuge was developed that permits the isolation of whole x-casein from a-casein 
without the need for an ultracentrifuge. It was found that whole x-casein migrates in 
the a, or fastest-moving peak, when the urea level is 0-2.5 M, but migrates in the §, or 
second-fastest peak, when the urea level is about 6.0-7.0 M. Veronal buffers containing 
urea levels of about 2.5 M or greater (pH ~ 8.9, ['/2 0.050) permit the resolution of 
casein into at least six components; four of these components migrate slower than 
8-casein. «-Casein could not be completely resolved from the other components of whole 
vasein, although at 4.8 M urea the x-casein formed a peak between a,- and §-casein. 
Whole x-casein became increasingly heterogeneous as the urea level of the buffer was 
inereased. Whole casein contained approximately 39% a,-casein, 11% x-casein, 43% 
B-casein, and 7% minor components. 

The use of urea in electrophoresis buffers for casein appears promising as a high order 
of resolution is attained. The effect of urea level on the migration of x-casein appears 
important in quantitative studies on the relative abundance of casein fractions. 





The electrophoretic resolution of a-, B-, and y-casein from whole casein was 
first reported by Mellander over 20 yr. ago (14). Since that time, moving 
boundary electrophoresis has proved itself a most valuable tool in studies con- 
cerned with the fractionation (3, 21) and composition (7) of casein. Paper 
electrophoretic separation of a- and B-casein was first reported by Zweig and 
Block in 1953 (26). Since then, several other workers have also succeeded in 
paper electrophoretic resolution of the major casein fractions (4-8, 12, 16, 25). 
Sullivan et al. (19) have reported that in the Tiselius electrophoresis of whole 
casein in cacodylate buffer there was a shift in peak areas when urea was added 
to the buffer. When the urea level was increased from 0 to 1 M, the B-peak 
became larger at the expense of the a-peak. Zhdanova and Vlodavets (25) 
recently reported on paper electrophoresis of casein in a Veronal buffer con- 
taining 40% urea. They found three components and claim that whole casein 
contains 36.6% a-, 56.9% B-, and 6.5% y-casein. Wake and Baldwin (20) have 
examined whole casein and some of its fractions by zone electrophoresis in agar 
and starch gels containing concentrated urea. The resolution of whole casein 
in starch gel was truly remarkable; 20 components were found, most of these 
being in the a-fraction. McKenzie and Wake (13) have recently published an 
improved method for the isolation of x-casein. Zone electrophoresis in starch gel 
was one of the techniques used to characterize this protein. In starch gel con- 
taining 7 M urea, x-casein migrated as a spread-out band that had a mobility 
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less than that of B-casein. Electrophoresis of x-casein in an agar gel containing 
5 M urea resulted in a sharper band that had a mobility nearly the same as 
that of whole a-casein (20). Payens (15) has also examined the zone electro- 
phoresis of casein in buffers containing urea. Paper electrophoresis of whole 
casein in Veronal buffers containing 30 and 45% urea resulted in two well- 
defined bands. Payens also examined whole casein by zone electrophoresis in a 
packed cellulose column, using a Veronal buffer containing 30% urea. After 
applying 5V/em for 72 hr. at 30° C., he found that the casein had separated 
into three fractions. These were identified, in decreasing order of mobility, as 
as-, k-, and f-casein. 

We would like to report some of our research on paper electrophoresis of 
easein in Veronal buffers containing urea. Employing a commercially available 
paper electrophoresis apparatus, and a rather simple technique, whole casein 
can be separated into at least six components. Evidence will be presented indi- 
eating that the B-component of Zhdanova and Vlodavets (25) is heterogeneous 
and very likely contains the calcium-insensitive fraction(s) of a-casein. 


EXPERIMENTAL PROCEDURE 

Preparation of casein and casein fractions. Pooled pasteurized skimmilk 
was obtained from the Washington State University dairy plant. Whole casein 
was obtained by repeated isoelectric precipitation. Whole a-casein and B-casein 
were prepared from whole casein by the urea method of Hipp et al. (3); the 
whole a-casein was given an extra reprecipitation in 3.3 M urea to help remove 
remaining traces of B-casein. 

Whole x-casein was prepared from Hipp’s whole a-casein, using essentially 
the procedure of Long et al. (10). Instead of ultracentrifugation, we substituted 
several slow passes through the Sharples Supercentrifuge running at 29,000 
r.p.m. (20,700 X g). The supernatant from the Sharples treatment contained 
whole x-casein, and it was dialyzed with mechanical agitation to remove most 
of the calcium. The dialyzate was acidified to pH 4.7 with N/10 HCl and the 
fine precipitate of whole x-casein was removed by centrifugation. No attempt 
was made to separate A-casein from the whole x«-casein. 

Calcium-sensitive a-casein (a,-casein) was obtained as the precipitate in 
Long’s procedure (10) when whole a-casein was made 0.20 M in calcium. Long 
et al. (10) refer to the calecium-sensitive a-fraction as-cp-casein, while Waugh’s 
terminology for a very similar fraction is a,-casein (22). Waugh’s nomenclature 
is more generally accepted and will be used here. The precipitate was cut into 
small cubes with a spatula and placed in the refrigerator for several hours. 
Much syneresis was evident, and the liquid phase was decanted and discarded. 
The precipitate was next washed three times with distilled water and then dis- 
solved in 6.6 M urea. a,-casein was precipitated by diluting the 6.6 M urea to 
3.3 M and acidifying to pH 4.7. The above urea treatment was merely a device 
to solubilize the a,-casein, so that the calcium could be removed. The precipi- 
tate obtained at pH 4.7 in the presence of 3.3 M urea was removed by centrifuga- 
tion and washed with distilled water acidified to pH 4.7 with V/10 HCl. Finally, 
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the isoelectric a,-casein was dissolved in dilute NaOH and reprecipitated and 
washed at pH 4.7 in the absence of urea. 

Sodium caseinates for electrophoretic analyses were prepared by dissolving 
the isoelectric caseins in dilute NaOH; the final pH of the sols was 6.5-7.5. 
Practically all of the sols were adjusted to pH 6.5 by the addition of V/10 HCl. 
Protein determinations were made by standard macro-Kjeldahl. 

Paper electrophoresis. The apparatus used was the Spinco paper electro- 
phoresis system manufactured by the Spinco Division of Beckman Instruments, 
Ine. The electrophoresis cell was of the Durrum hanging strip type. The cell 
had been modified by cutting a slot in the cell cover to permit application of 
the sample just above the cathode. This simple modification increases the migra- 
tion path about twofold and helped increase resolution and, in particular, the 
separation of the several slow-migrating components of casein. 

Veronal buffers containing urea were prepared by adding the desired quan- 
tity of U.S.P. urea to the Veronal components and diluting to 1 liter at 20-25° C. 
Each buffer was made to 1 liter with distilled water. We have used urea levels 
between 0 and 7.0 M in these Veronal buffers, and the lower ionic strength (B-1) 
buffer gave the best results with urea. When 420.4 g. of urea were added to the 
B-1 Veronal components, and the mixture dissolved and diluted to 1 liter at 
20-25° C., the result was 1 liter of Veronal buffer containing 7.0 M urea. The 
pH of these Veronal buffers containing high levels of urea was raised to about 
8.9. Stark et al. (18) have recently shown that the cyanate present in aqueous 
urea can react chemically with amino acids and proteins. Two precautions 
against the formation of cyanate in buffers containing urea are the use of 
freshly prepared buffer and the avoidance of heating in the preparation of the 
buffer. 

The 7.0 M urea B-1 buffer satisfactorily resolved whole sodium caseinate 
when about 1-1.5 mg. of protein was applied to each Whatman 3-mm. strip and 
about 8.6 ma. were applied for 17-20 hr. Our runs are routinely conducted at 
room temperature. 








TABLE 1 
Composition of the Spinco Veronal buffers (17) 
B-1 B-2 
Diethyl barbiturie acid (g.) 1.84 2.76 
Sodium diethyl barbituate (g.) 10.30 15.40 
Tonic strength (I'/2) 0.050 0.075 
pH 8.6 8.6 


We have also examined the electrophoretic patterns of whole casein and some 
of its fractions in buffers devoid of urea. Whole casein in Veronal buffer (no 
urea) can be resolved into three components if the electrophoresis is conducted 
at about 5° C. (8, 11, 16). Zweig and Block (26) were the first workers to report 
on the paper electrophoretic separation of a-, B-, and y-casein, but it is not clear 
what temperature they used for their separation. 

The use of phosphate buffers of high pH for the paper electrophoresis of 
easein has been covered in an earlier paper (8). The high pH buffer that we 
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have found most satisfactory is one listed by Bates and Bower (1). It is com- 
posed of 3.55 g. anhydrous NagHPO, and 27 ml. 1 N NaOH diluted to 1 liter; 
the pH is 11.7 and the ionic strength is 0.13. The K,.HPO,-KOH buffer (pH 
12.3, T/2 0.19) of Waugh and von Hippel (23) was found less satisfactory, 
since the casein fractions migrated as uneven bands. 

Routinely, we use Spinco Procedure A (17) for the dyeing and seanning of 
electrophoresis strips. We have found, however, that for casein and casein 
fractions, the predye heat treatment of Procedure A is unnecessary; in fact, it 
interferes with the dye uptake of casein run in high pH buffers, or buffers con- 
taining urea. The procedure that we have adopted is to replace the predye heat 
treatment with a 6-min. rinse in a bath composed of the same ingredients as 
the Spinco B-1 dye bath (17), but minus the dye. 

Composition of the predye bath: 

31 g. zine sulfate (1 HeO) 

50 ml. 95% ethanol make to 1 liter with distilled water. 

50 ml. glacial acetic acid | 
The dye bath contains the above plus 0.10 g. bromphenol blue. After the 6-min. 
predye rinse, the regular Spinco Procedure A was followed. The bromphenol 
blue dyed paper strips were scanned with the Spinco Model RA Analytrol inte- 
grating scanner. 

RESULTS AND DISCUSSION 

Paper electrophoretic patterns for whole casein and casein fractions are 
given in Figure 1. Our data confirm the results of Zhdanova and Vlodavets (25) 
for the areas beneath electrophoresis curves for whole casein run in Veronal 
buffer containing 6-7 M urea. We question, however, the conclusion that there 
is 37% a-, and 57% -casein in whole casein. Although adsorption losses from 
the fastest-moving component are a factor in causing a low percentage, a more 
important factor is the migration of «-casein in the 8-casein peak. 

The paper electrophoretic patterns for whole casein and whole x-casein in 
several buffers are compared in Figure 2; for each buffer the comparison is made 
between strips from the same electrophoresis run. From these patterns it is 
evident that the level of urea markedly affects the heterogeneity and the relative 
rate of migration of the whole x-casein; these changes are reflected in the pat- 
terns for whole casein. x-casein migrates in the a-peak in low levels (0-2.5 M) 
of urea, whereas in high levels (6-7 M) of urea the whole «-casein migrates in 
the B-peak. Although x-casein becomes slow-migrating and heterogeneous as 
the level of urea is raised, it is possible to achieve a partial separation of 
x-casein when the urea level is about 4.8 M. In E of Figure 2 the small peak 
between a,- and £-casein is thought to be due to x-casein, based on the effect of 
urea level on the mobility of x-casein. The recent paper by Payens (15) would 
also support this conclusion. Thus, Veronal buffers containing high levels of 
urea may be useful in the separation of a,-casein from whole casein. For the 
separation of the calcium-sensitive and calcium-insensitive fractions of the 
a-complex, Geller et al. (2) have developed a method using an acid buffer. 

The use of urea permits an increase in the resolution of the components of 
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Fig. 1. Paper electrophoretic patterns for whole sodium caseinate and casein fractions. 
B-1 Veronal buffer 7.0 M in urea (pH 8.9, I'/2 0.050), 8.6 ma. of current was applied for 
18 hr. at 25° C. The small vertical arrow indicates the point of application; the horizontal 


arrow shows the direction of migration. 
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Fig. 2. Paper electrophoretic patterns for whole sodium caseinate compared with patterns 


for whole x-caseinate run at the same time in the same buffer. 
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A. NaOH-Na2sHPO, buffer, pH 11.7, '/2 0.13; 10 ma. for 20 hr. at 25° C. 
B. B-1 Veronal buffer (no urea), pH 8.6, I'/2 0.050; 10 ma. for 14 hr. at 1-3° ©. 
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F. B-1 Veronal buffer, 7.0 M in urea, pH 8.9, 2 0.050; 8.65 ma. for 18 hr. at 25° C. 


C. B-1 Veronal buffer, 1.0 M in urea, pH 8.4, I'/2 0.050; 8.65 ma. for 17 hr. at 25° C. 

D. B-1 Veronal buffer, 2.5 M in urea, pH 8.5, [/2 0.050; 8.65 ma. for 17 hr. at 25° C. 

E. B-1 Veronal buffer, 4.8 M in urea, pH 8.9, T'/2 0.050; 8.65 ma. for 18 hr. at 25° C. 
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whole casein and, in particular, the resolution of the minor components. Al- 
though four of these minor components are commoniy found in the electro- 
phoresis of whole casein in buffers containing urea (2.5 M urea or higher), all 
four components appear only in D of Figure 2. Combining the results of the 
several buffers, it is found that at least seven components are detectable by 
paper electrophoresis: a,, 8, «, and the four minor components. The partial 
separation of two components in the whole «-casein preparation (see A of Figure 
2) may indicate another fraction ; this may be the A-casein of Long et al. (10) or 
Waugh’s m-easein (22). From a comparison of the patterns for our whole 
x-casein with whole casein in a variety of buffers (Figure 2), it does not seem 
probable that either of the components of the whole x-casein is as- or B-casein. 
The partial separation of the components in the whole «-casein was reproducible, 
so the presence of two components seems likely. 

Although our data indicate that whole x-casein becomes heterogeneous in 
the presence of high levels of urea, there is no evidence that this represents a 
denaturation. Yamauchi and Tsugo (24) have shown that urea will denature 
para-casein but not rennin-untreated casein. Incidentally, our whole «-casein 
was analyzed turbidimetrically for rennet substrate ability (9); the whole 
x-casein buffered at pH 5.6 rapidly developed turbidity in the presence of 
rennin. This observation indicates that the whole «-casein was not denatured 
before the electrophoretic analyses. The rapid development of turbidity by 
rennin in the whole x«-casein also furnishes further evidence for the identity 
of this casein fraction. 

In Veronal buffers containing 6-7 M urea the electrophoretic peaks observed 
are, in decreasing order of mobility, 1 a,-casein, 2 8 + x-casein, and several 
minor components. In high pH phosphate buffers, and Veronal buffers con- 
taining 1 M urea, the electrophoretic peaks observed are, in decreasing order 
of mobility, one whole a-casein, two 8-casein, and minor component(s). From 
averaging the integrations of some 40 scanning patterns, the following results 
were obtained: whole a-casein 50% ; a,-casein 39%, B- + «-casein 54%, B-casein 
43%, and minor components 7%. By difference, the relative percentage of 
x-casein can be estimated. Thus, in whole casein there is approximately 39% 
a,-casein, 11% x«-casein, 43% B-casein, and 7% minor components. In Table 2 


TABLE 2 
A comparison of the distribution of casein fractions as reported in the literature 


Reference 








Zhdanova Mae Rae Libbey 





and and and 
Present Payens Viodavets Baker Ashworth 
Component study (15) (25) (11) (8) 
Whole a-casein 50 36.6 60 50 
as-casein 39 51-52 
x-casein 11 7-13 
B-casein 43 36-41 56.9 32 45 
y-casein 6.5 9 5 


Minor components, including y-casein 7 
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these percentages are compared with some of the literature values for the rela- 


tive percentages of the casein components from zone electrophoresis. 
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INTERRELATIONSHIPS OF MILK CONSTITUENTS ! 


T. A. NICKERSON 
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8. 
rr. The interrelationships of the milk constituents in 258 milk samples were analyzed 

for statistical significance. Correlation and regression coefficients and regression equations 

Dy between 23 milk constituents were calculated and tabulated. These are useful in estimating 
5 the quantity of any of the constituents from the known quantity of another. 

Most constituents of milk change positively and highly significantly with changes 
m in total solids. However, all of the constituents do not change at the same rate and, 


consequently, do not always make up the same proportion of the total solids. Five 
constituents—nonprotein nitrogen, organic and inorgenic soluble phosphorus, citric acid, 
acid, and magnesium—are exceptions and do not change significantly in relation to 
changes in total solids. Since the fat is so closely correlated to total solids, it shows 
relationships to the other milk constituents similar to those of the total solids. The casein, 
whey proteins, and proteose-peptone increase at respectively slower rates as the total 
solids content of the milk increases. 

Calcium and phosphorus show highly significant correlations to casein because of the 
calcium phosphate—ealcium caseinate complex. Both magnesium and citrie acid tend 
to decrease with increasing casein content. 

The mineral constituents show considerable variability in their distributions. For 
example, the insoluble organic phosphorus is positively highly significantly correlated to 
the soluble inorganic, but negatively to both the soluble organie and the colloidal phos- 
phorus. Both citrie acid and magnesium are extremely independent of changes in most 
other milk constituents. Changes in citric acid correlate most closely to changes in soluble 
inorganie phosphorus. Magnesium correlates inversely to the caleium content. No cor- 
relation is indicated between the amounts of soluble and insoluble calcium in milk. The 
possibility of calcium salts in the proteose-peptone fraction is suggested by the high 
correlation between these two constituents. 








The chemical composition of milk has interested investigators for many 
years (1, 2). Chemical studies reflect a need for data to support investigations 
of a nutritional, breeding, or processing nature. Early investigators of milk 
composition were interested in establishing its nutritional value. Dairy breeders 
are interested in the variability of milk constituents and in their heritability, 
e.g., the current problem of breeding for increased solids-not-fat content. Rela- 
tionships between components are also useful in studying the physiology of 
milk production. Processing difficulties are often attributed to changes in 
composition. 

This is a statistical study of the interrelationships of the constituents in 
258 milk samples. The composition of these milks as related to season and area 
of production was reported previously (10). 

Total solids, fat, and solids-not-fat. The correlation coefficients in Table 1 
show that most individual constituents of milk change positively and highly 
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significantly with changes in total solids. As might be expected, the individual 
components increase or decrease as the total solids increase or decrease, but 
not to the same degree. Some constituents, however, show no significant correla- 
tion to changes in total solids of milk. Varying independently of total solids 
are the nonprotein nitrogen, both inorganic and organie forms of soluble phos- 
phorus, citric acid, and magnesium. These five constituents were shown pre- 
viously (10) to vary more with seasonal changes than with source of the milk 
(area, breed, feed, ete.). 

The relationships of the fat to total solids and selids-not-fat have been the 
subject of research for many investigators (2, 7, 8, 11). Since the present values 
are similar to those reported in the literature, these relationships are not dis- 
cussed further here. 

Less numerous are data on the relationships between the fat and other con- 
stituents. It is aparent from Table 1 that fat has a higher correlation with total 
nitrogen than with any of the other constituents measured, although that with 
casein is essentially as high. This should be useful in calculating the quantity 
of casein in milk for cheese-making. The other protein fractions (lactalbumin 
+ laetoglobulin N and PPN) also show highly significant correlations with the 
fat, but the nonprotein nitrogen varies in the opposite direction. Thus, it ‘is 
important to deduct the nonprotein nitrogen before expressing the relationship 
between fat and total protein or between protein and total solids. 

With respect to the minerals, the highest correlation to fat is that of calcium, 
particularly the insoluble calcium fraction. Phosphorus is less closely corre- 
lated with the fat, but again the insoluble portion (especially the inorganic P) 
shows the highest correlation. These might be explained by the high correlation 
between fat and casein and the calcium phosphate associated with the casein. 
Figure 1 shows the lines represented by the regression equations for some of 
these constituents to fat percentage. Regression coefficients (b) and a values 
for the regression equations are, respectively, in Tables 2 and 3. By means of 
these equations (Y = a + bx) the quantity of a constituent, Y, can be calculated 
from the known quantity of another constituent x. 

Nitrogen distribution. All three protein fractions studied showed highly 
significant correlations to the total nitrogen content of the milk. Figure 2 shows 
that casein, lactalbumin plus lactoglobulin, and proteose-peptone inerease as 
the total nitrogen content of the milk increases, but at respectively slower rates. 

Since total nitrogen is highly correlated to fat and total solids, it is to be 
expected that casein would show a similar high correlation. Calcium and phos- 
phorus show highly significant correlations to casein because of the calcium 
phosphate—caleium caseinate complex. The regression coefficients for Ca and 
P on casein (Table 2) are similar to values given in the data of Ford et al. (6) 
and to values for purified casein obtained by the researchers listed by Linder- 
strom-Lang (9). The regression coefficient for total organic phosphorus and 
casein nitrogen is 0.0528. This is the weight ratio assumed by De Kadt and 
van Minnen (4). Thus, variations in insoluble organie phosphorus of milk 


could be accounted for by changes in casein. 
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Magnesium is removed with the casein micelles during centrifugal analyses 
4.6). Ford et al. (6) found a mole ratio of magnesium to caleium removed 
if about one to 15. The present data can not be interpreted to determine whether 
such a general relationship exists in all milk. Only a minor portion of the mag- 
nesium could be involved, however, because total magnesium tends to decrease 
with increasing casein content of milk. Therefore, casein must exist primarily 


as calcium caseinate. 
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Fig. 1. Relationships between several milk components (Y) and milk fat (X 


Similarly, citric acid has been shown to be associated with the casein micelles 
removed by centrifugation (5). The present data show only that the total citrie 
acid content is not significantly correlated to the casein content of milk. <Ae- 
tually, the citric acid tends to decrease with increasing casein, which presents 
a strong argument against any significant amount of citric acid being adsorbed 
on the casein. 

Phosphorus distribution, The data in Table 1 show that the major forms 
in which phosphorus is distributed in milk all give highly significant correla- 
tions to changes in total phosphorus. The soluble, insoluble, organic, and 
inorganic forms of phosphorus show highly significant positive relationships to 
total phosphorus. This is not true, however, of the relationship among themselves. 
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For example, the soluble inorganic phosphorus in milk is most closely related 
to the insoluble organic phosphorus. As the amount of inorganic P in solution 
increases, an increased amount of insoluble organic phosphorus is formed. The 
insoluble organie phosphorus shows a highly significant negative correlation 
with both the soluble organic and the colloidal phosphorus. 
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Casein N= -36.3 + 834X 
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Fig. 2. Relationships between nitrogen components (Y) and total nitrogen (X) of milk. 


Relationship of citric acid to the other milk constituents. Citrie acid appears 
to be an extremely independent component of milk. It is highly significantly 
correlated with only one constituent, nonprotein nitrogen, and the relationship 
is negative. At the 5% level it is correlated negatively to total nitrogen, but 
not to any of the protein groups. It shows a significant positive correlation to 
the soluble inorganic phosphorus. This is a surprising relationship, since it 
might be expected that these two soluble components would vary inversely with 
one another. Pyne and MeGann (12) found about 11% of the citrate in seven 
milks to be associated with the colloidal P, but no such relationship is indicated 


in our data. 


Relationship of magnesium to the other milk constituents. Magnesium also 
is a very independent milk component. [t shows no significant relationship to 
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the solids (T.S., S.N.F., fat) or proteins. It is significantly correlated only to 
the insoluble organic phosphorus and, inversely, to the calcium content. These 
data support the conclusion of Pyne and McGann (12), that the magnesium 
content of the colloidal phosphate is negligible. The independent variation of 
magnesium that we found is in contrast to the finding of Black and Voris (3), 
that magnesium increased with all the major components. 

Relationship of calcium to the other milk constituents. Calcium, because of 
its close association with casein, would be expected to show a highly significant 
correlation to casein, and consequently the milk solids. This is shown by the 
data in Table 1. Also as it should be is the highly significant correlation between 
the insoluble calcium and the colloidal phosphorus. No correlation is indicated 
between the amounts of insoluble and soluble calcium in milk. Since the 
colloidal calcium phosphate would be in equilibrium with the ions in solution, 
the data show a highly significant correlation between soluble calcium and 
soluble inorganie phosphorus. The high correlation with the proteose-peptone 
fraction suggests the possibility of calcium salts with this protein group also. 
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DETERMINATION OF CALCIUM AND MAGNESIUM IN MILK BY 
E.D.T.A. TITRATION ! 


E. W. BIRD anp JUNE WEBER 


Department of Dairy and Food Industry 


C. P. COX? anp T. C. CHEN * 
Department of Statistics 
Iowa State University, Ames, Iowa 


SUMMARY 


Five procedures were compared for E.D.T.A. determination of calcium and mag- 
nesium in milk. The method which combined Ling’s method for removal of proteins and 
phosphates by potassium metastannate, Flashka’s indicator (Eriochrome blue S E) for 
the caleium determination, his adjustment of pH in the magnesium determination, and 
the method of Jenness (slightly modified) for magnesium yielded the best results. The 
method is convenient, rapid, and recoveries for both calcium and magnesium were 
essentially 100%. 





Calcium and magnesium had been determined for some time in this laboratory 
by Jenness’ method (2). The end point in the calcium determination is some- 
what difficult and, when slight amounts of acid have developed in the milk, the 
samples filter slowly (after casein precipitation) and the whey is cloudy. End 
points were sharper when but 0.05 g. Murexide and one drop of Eriochrome 
Black T solution were used in place of the recommended amounts. The pH 
values could be adjusted to that specified for the method if pilot runs were 
made, thus aiding filtration. It was likewise found that 0.1 N HCl and NaOH 
wave better results than the stronger solutions recommended. 

At about the time that the above work was completed, Ling (3) proposed 
potassium metastannate (PMS) to remove the proteins and phosphates simul- 
taneously, in determining calcium in milk. He used a color standard for the 
Murexide end point (the Ling end point). Flashka et al. (1) introduced Erio- 
chrome blue 8S E (Erio S E) as an indicator for calcium ; the end point is sharper 
than that of Murexide. They suggested use of methyl red te adjust the pH of 
the solution, prior to the addition of buffer, and titration with Eriochrome 
Black T, as indicator, in the magnesium determination. 

Stannie acid, an intermediate in the PMS preparation, filters slowly and 
causes PMS preparation to be long and tedious, and the exact titration of the 
final preparation is difficult to achieve unless the stannic acid is well-washed. 
The preparation of PMS was simplified by substitution of centrifugation for 
filtration. 
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A method combining the procedures outlined in the preceding two paragraphs 
with the Jenness procedure for magnesium has been compared with four other 


methods and found to be superior from standpoints of accuracy and precision. 


EXPERIMENTAL PROCEDURE 

1. Statistical. The relative merits of the various methods were examined 
using two criteria. The first of these—aceuracy—was used to compare the close- 
ness with which the means of the observations on each method indicated the 
known amounts of calcium and magnesium added. Secondly, since a method 
which proved highly variable from one single determination to another would 
be obviously inferior, the precisions of the methods were examined in terms of 
the variances of the individual determinations. A slight complication arose here, 
however, because it was suspected that these precision variances differed even 
within a single method, at the different levels of calcium or magnesium added, 
so that it was necessary first to examine the homogeneity of the variance within 
each method before comparing different methods on the basis of precision. 

Common statistical tests have been used throughout and the findings from 
them are discussed in practical terms, so that familiarity with the technicalities 
of the tests themselves is not essential. Explanations of the more frequently 
used statistical terms and of the analysis of variance can, however, be found 
with examples from chemical studies in (7) ; the following supplementary notes 
may be helpful. 

Degrees of freedom (d.f.), the variance values obtained to compare the pre- 
cisions of the methods or to make tests of significance, are themselves subject to 
variation or error and, as with a mean, this error is lessened when the number 
of individual observations, from which the estimated variances are calculated, 
is increased. In making comparisons, therefore, it is helpful to be aware of these 
numbers; they are presented in the tables as the numbers of degrees of freedom 
which are equal, in each case, to the number of basic observations less one. 

The significance of any difference between the amount of calcium (or mag- 
nesium) added and the amount recovered was examined by making the usual 
‘t’’-test (7). The accuracies (as defined above) of the different methods were 
compared using the multiple range test (6). Homogeneity of the precision 
variances obtained for each method at different levels of added caleium or 
magnesium was examined by the M-test (4) or, as was possible when only two 
variances were involved, by the simpler F-test (6). The precision variances 
representative of the methods were then compared using the F max test (4). 
The results of such tests are generally assessed in terms of the probabilities, P, 
that values of t, F, and M, as large or larger than those caleulated from the 
observations, could have arisen by chance, so that, for example, P < 0.05 implied 
that some factor other than chance is responsible unless an event has occurred 
which, by chance, is likely in only five cases out of 100. 

2. Analytical. Five methods were compared : 

Method I. The composite procedure to be described. 

Method II. Ling’s method for ealeium (Ling’s end point) and Jenness’ 
method for magnesium were combined. 
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Method III. Except for the use of Jenness’ end point for the calcium deter- 
mination, this was identical with Method II. 

Method IV. This was the method exactly as described by Jenness. 

Method V. The method was identical with Method IV, except that Ling’s 
method of establishing the end point was employed with the calcium deter- 
mination. 

Procedure for Method I: Treatment of milk sample (3). Weigh accurately 
about 15 ¢. of milk into a 250-ml. volumetric flask. Add 90 ml. water? and then 
3 ml. (pipette) HNO, (one volume concentrated HNO, + 2 volumes HO) with 
constant rotation of the flask. Mix gently and add 30 ml. (burette) of potassium 
metastannate solution,® while the flask is rotated constantly. Make to volume, 
mix thoroughly and, after standing for 5 min., filter through a Whatman No. 40 
1l-em. folded filter. Discard the first 10 ml. of filtrate. The filtrate should be 
clear, although a slight turbidity does not invalidate the results. 

A blank containing 105 ml. of water is subjected to the same procedure as 
outlined for the sample. 

The calcium determination (3). Pipette 25 ml. of the filtrate into a 125-ml. 
Erlenmeyer flask. Add a square of litmus paper (2 mm. on edge) and neutralize 
with 1.5 NV NaOH. Add an additional 2 ml. of the NaOH solution and sufficient 
Erio S E mixed indicator ® (0.02 g.) to yield a definite red color (1). Titrate 
with EDTA solution (4 g. disodium dihydrogen ethylenediaminetetraacetate 


‘Water in this study was prepared from distilled water, to 18 liters of which 15 ml. of 
a solution, containing 5% HeSO, (v/v) and 5% K2CreO; (w/v), were added. This mixture 
was distilled; the first and last 500 ml. of a 5-liter batch were discarded. 

* Place 15 g. of 30-mesh granular tin (reagent grade), 71.5 ml. of water, and an egg- 
shaped (No. 8445, Cole-Parmer Instrument and Equipment Co., Chicago, Ill, 1° in. long) 
stirring bar, into a flat-bottomed, 250-ml. centrifuge bottle (Corning No. 1280), and place 
on a magnetic stirrer. With constant stirring, add 65 ml. cone. HNOs, in 5-ml. portions, at 
3-min. intervals. The fourth 5-ml. portion is added in two 2.5-ml. portions, because the 
addition of the entire 5 ml. causes a violent reaction; the second 2.5-ml. portion is added as 
soon as the reaction from the first portion subsides. When all of the acid has been added, cool, 
remove the stirring bar, dilute with about 100 ml. of water, disperse the precipitate, fill to 
the shoulder of the bottle with water, and mix well. If the correct titration is obtained for 
the final product, the precipitate must be completely dispersed in the washing procedures. 
Centrifuge for 10 min. at 1,500 r.p.m. (International Size 2 centrifuge). Deeant the super- 
natant and wash three additional times in the same manner. After the last wash, distribute 
the precipitate in 20 ml. of water, add 5 ml. KOH solution by pipette, and dilute to 250 ml. 
(volumetric flask). The concentration of KOH suggested by Ling is 56.0 g. analytical grade 
KOH dissolved in 44 g. water. This concentration was stated to yield a metastannate, 10 ml. 
of which required 11.6 ml. of 0.1 N HCl to the phenolphthalein end point. When a reagent 
grade of KOH (85.1 to 85.7%) was used it was found that 41 g. dissolved in 44 g. water 
gave the specified titration. In establishing this faet, it was found that no difference was 
obtained in the calcium or magnesium assay if the ratios were varied from 32: 44 to 56: 44 


and that the filtrates all were negative for phosphate. 


*One-tenth gram Eriochrome Blue S E (Geigy Dyestuffs Division, Geigy Chemical Corp., 
Saw Mill River Road, Ardsley, N. Y.) and 0.17 g. Naphthol Green B (Coleman and Bell, 
Norwood, Ohio) are ground to a fine powder with 20 g. NaCl (1). The authors are indebted 


to the Geigy Dyestuffs Division for furnishing the Eriochrome Blue S. E. dye. 
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dissolved in and made to one liter with water), until the red color is changed to 
a clear blue. This titration is Ts; the blank titration, Ts . 


Calcium plus magnesium determination (2). Pipette a second 25 ml. of the 
filtrate into a 125-ml. Erlenmeyer flask. Add one drop of methyl red indicator 
1) (0.1 g. methyl red in 500 ml. 95% ethanol), then 0.56 N NaOH dropwise 
until the indicator changes to yellow. Add 1 ml. borate buffer solution’ (2) 
to maintain a pH of 8 to 10), two drops of Eriochrome Black T indicator 
1 g. in 30 ml. water containing 1 ml., 1 V NasCOs,; make to 100 ml. with 2- 
propanol (2)]|. Titrate immediately from the pink color to a light-blue end 
point. This titration is Ts ; the blank titration, T, . 


Correction for precipitate volume (3). The titration of the filtrate aliquot 
of a sample of milk is compared with a filtrate aliquot from an identical sample 
of the same milk to which (after weighing) a definite volume of standard 
calcium solution ® has been added. From the titrations obtained, a factor (f) 
which corrects for precipitate volume can be calculated as in the following 
example: If 25 ml. of milk filtrate are equivalent to 4.09 ml. EDTA ® and the 
titration of 25 ml. of filtrate from the same milk, to 15 g. of which 15 ml. of 
standard calcium solution were added, is 6.38 ml., the difference, 2.29 ml., is 
equivalent to 1.5 ml. standard calcium solution. By direct titration, 5 ml. of 
standard calcium solution are assumed equivalent to 7.43 ml. EDTA. The 
correction factor is: 

f = [ (7.43 X 1.5) /d| /2.29 = 0.9734 


The milliliters of EDTA employed for the calcium and the calcium plus mag- 
nesium titration are multiplied by f to correct for precipitate volume. 

Calculations. For Methods I, I], and III, the following calculations were 
employed : 





. = ; , eee 100 
mg. Ca/100 g. milk = (Ts — Tg ) X f X (mg. Ca/ml EDTA) X — 
ov, milk =< Ts 
mg. Mg/100 g. milk = {(Ts, — Tg.) — Ts, — Tp )| Xf X (mg. Mg/ ml EDTA 


g. milk <= TS, 

For methods IV and V, f was eliminated in making the caleulations. 

3. Experimental design. A large sample of raw milk was obtained from the 
Market Milk Department at Iowa State University. This milk was centrifuged, 
in 250-ml. lots, for 30 min. at 1,500 r.p.m. (Size 2, International centrifuged), 
to separate the fat. The samples were chilled (4.4° C.) to solidify the cream 


* Dissolve: (a) 4.0 g. ep. NasB.O;- 10 HO in 80 ml. of water, and (b) 1.0 g. ¢.p. NaOH 

0.5 g. ep. sodium sulfide in 10 ml. of water. Mix the two solutions, and make to 100 ml. 
“Dissolve about 2.0 g. dried (100° C.) primary standard grade cf CaCOs (exactly 
weighed) in a minimum volume of HCl (1:10; v/v) in a 250-ml. beaker. Dilute to 100 ml., 
boil gently to expel COs, transfer to a 1-liter volumetric flask, and make to volume at 20° C. 
Measure aliquots at this temperature. One milliliter contains: g. CaCOs weighed X(40.08 


100.09) mg. caleium. 
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layer. The skimmilk was removed and all batches were combined and _ thor- 
oughly mixed. 

The mixed skimmilk sample was divided into three portions (Samples I, II, 
and III). Samples II and III were frozen and held at —28.9° C. until used. 
Sample I was used immediately. When Samples II and III subsequently were 
employed, they were completely thawed at 4.4° C. 

For each sample, ten aliquots were weighed (20° C.). No calcium or mag- 
nesium was added to two of the aliquots. Standard calcium ® or magnesium !° 
solution (20° C.) were added to the other aliquots in such manner that the 
added calcium was approximately half that of milk, in a second pair of aliquots 
and roughly equivalent to that of milk in a third pair. 

The added magnesium was approximately that of milk in a fourth pair of 
aliquots and 1.5 times that of milk in the fifth pair. After the additions indi- 
eated, the samples were equilibrated for 20 hr. at 4.4° C. 

A set of ten such aliquots was prepared and analyzed by each of the five 
analytical procedures described above. 

The data for each of the three samples constituted a run. 


TABLE i 


Within-level variances of calcium determination. Degrees of freedom in parentheses 











Method 
Caleium added 
mg/100 g. milk I I] III IV V 
41.56 0.2532 (3) 0.0728 (3) 0.4836 (3) 
62.35 1.2828 (7) 0.8612 (7) 
62.38 0.3241 (11) .7270 (11) 1.0731 (11) 
93.53 8.1365 (7) 7.5996 (7) 
103.99 0.0926 (7) 0.2300 (7) 0.1518 (7) 
124.69 1.6398 (3) 1.2532 (3) 
155.89 12.1080 (3) 6.1978 (3) 
Significant hetero- 
geneity, P < 0.05 * ? * 
Combined precision 
variance 0.2368 (21) 0.9917 (21) 0.6818 (21) 5.3589 (20) 4.0789 (20) 


RESULTS AND DISCUSSION 
1. Precision of the methods. As noted under experimental methods, the 
extent to which the variation among individual determinations differed at the 
different levels of added calcium or magnesium was tested by examining the 
homogeneity of these within-level variances. Estimates of these variances, and 
the results of the tests, are given in Tables 1 and 2. They show that significant 


* Standardize by titrating 5-ml. aliquots of standard calcium solution to which 20 ml. 
water had been added. Express concentration as milligrams calcium or magnesium per 
milliliter EDTA. 

” Weigh accurately about 10 g. analytical reagent grade MgSO: - 7 H-O. Make to 1 liter 
with water. Determine the exact Mg concentration by precipitating the Mg as the pyrophos- 
phate (5). Dilute 50 ml. to 250 ml. for use as the standard. 
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TABLE 2 


Within-level variances of the magnesium determinations. Degrees of freedom in parentheses 











Method 
Magnesium added, -—— - a ——_——— 
mg/100 g. milk I II II] IV V 
19.41 0.1651 (11) 0.0825 (11) 0.4092 (11) 2.0074 (11) 1.9223 (11) 
29.10 4.2562 (11) 2.4131 (11) 
32.35 0.1097 (11) 0.1754 (11) 0.2927 (11) 
Combined preei- 
sion variance 0.1374 (22) 0.1289 (22) 0.3510 (22) 3.1318 (22) 2.1677 (22) 





differences between the variation of the different levels of addition occurred 
only among the calcium determinations made by Methods II, II], and V. In- 
vestigation of the original data indicated a general trend of decreasing variation 
from Run 1 to Run 3 for both calcium and magnesium determinations. This 
suggested that the integration of the large numbers of samples and the experi- 
mental technique had improved during the course of the study. 

To examine this point further, separate statistical analyses were carried out 
on the results for Run 3 alone. Because of the fewer observations, the variance 
estimates (Tables 3 and 4) are based on but three degrees of freedom. Despite 
this fact comparison with Tables 3 and 4 shows that the variation in Run 3 was 
generally substantially lower than that found for all the runs combined. In 


TABLE 3 


Within-level variances of the calcium determinations (Run 3 only). Three degrees of 
freedom in all cases 

















‘ Method 
Calcium added 
mg/100 g. milk I II III IV V 
1.6111 0.6163 
2.3 0.1083 0.0771 0.2362 
93.53 0.1717 1.3076 
103.99 0.0542 0.2419 0.0542 : 
Combined preei- 
sion variance 
(6 df) 0.0812 0.1595 0.1452 0.8914 0.9620 
TABLE 4 


Within-level variances of the magnesium determinations (Run 3 only). Three degrees of 
freedom in all cases 











, Method 
Magnesium added, ——— 
mg/100 g. milk I II III IV V 
19.41 0.0072 0.0274 0.1441 0.1153 0.1803 
29.10 0.2054 0.4715 
32.45 0.0072 0.0257 0.0522 


Combined preci- 
sion variance 
(6 df) 0.0072 0.0266 0.0982 


0.1604 0.3259 
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addition, the homogeneity test showed that the significant differences between 
the within-level variances had disappeared in Run 3, supporting the suggestion 
that complete stability in the techniques was not achieved in the first two runs. 

Next, to examine the over-all variability of the methods, characteristic pre- 
cision variances were calculated by combining the values obtained at the 
separate levels. The results appear as the bottom row of figures in Tables 1 and 
2, for caleium and magnesium, respectively. It can be secn that the two methods, 
[V and V, which employ Jenness’ procedures for removing proteins and phos- 
phates, were considerably more variable than Methods | through III, in which 
the Ling method for simultaneous removal of proteins and phosphates is used ; 
the objective statistical test confirms the significance of the difference between 
the two groups. The indication is, therefore, that the removal of proteins and 
phosphates, accompanied by the simultaneous liberation of calcium and mag- 
nesium from the proteins and phosphates, was involved. 

The results of testing the significance of the differences within these two 
groups of methods showed that, for the calcium determinations, there was no 
significant difference between Methods II and III or between Methods IV and 
V. Method I was, however, superior (P < 0.05) to all the other methods, and 
since it differed from Methods Il and III only in the indicator employed, it is 
considered that the superiority to these methods is attributable to the fact that 
the Erio S E mixed indicator gives a sharper and more reproducible point 
than does Murexide. 

For the magnesium determinations no significant differences were detected 
within either of the two groups. 

When, for completeness, similar tests were made on the data for Run 3 
alone, the results agreed with those just described in that the groups of Methods 
I, Il, and III were significantly less variable than Methods IV and V. No 
differences were found between methods within these two groups. 

Since there were but three runs, there is no absolute assurance that the 
experimental techniques had completely stabilized in Run 3. Nevertheless, 
since the results for Run 3 exhibit no heterogeneity within methods, it seems 
reasonable to suppose that the differences detected among methods do reflect 
real differences in precision, in support of the general findings that Method ! 
has greater precision than Methods II and III which, in turn, have greater 
precision than Methods IV and V. 

2. Accuracy of the methods. As was indicated under Experimental Pro- 
cedures, the accuracy of the methods was judged by the difference (ACa)_ be- 
tween the amount of calcium recovered and that added, and by the similar 
difference (AMg) for magnesium. 

The results for calcium (Table 5) show that among Methods I, IT, III, there 
is no evidence that ACa deviated significantly from zero. It can be considered, 
therefore, that these methods are accurate by the criterion chosen. With 
Methods IV and V, ACa deviated significantly from zero. These methods under- 
estimate the quantity of calcium added to milk, although no correction is made 


for precipitated proteins. 
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TABLE 5 


Mean values for ACa (Ca recovered—Ca added) 


Method 
Caleium added ic —_= 
mg/100 g. milk I II III lV V 
$1.56 0.1878 0.0122 0.2797 
62.35 0.9057 0.5657 
62.38 0.1655 0.3205 —0).4688 
93.53 : —2.5750 —0.5226 
103.99 0.6358 0.6033 —0,1796 
124.69 —9.0706 —9.0706 
155.89 —3.8989 —3.5766 
Mean 0.1605 0.0388 0.2217 -) 7180** 2.7602** 
S.E. (mean 0.0993 0.1867 0.1867 0.4425 0.4425 
(Lf. 21 42 42 40 40 
*P < 0.01. 


TABLE 6 
Mean values for AMg (Mg reeovered—Mg added) 








: Method 
Magnesium added, pacaiaita ass fase 

mg/100 g. milk I II Ill IV V 
19.41 0.0208 0.4000 0.2017 0.9167 0.9392 
29.10 1.3687 0.9612 
32.35 0.4617 0.8842 1.0625 

Mean 0.2413* 0.6421** 0.6321** 1,1427** 0.9502** 

S.E. (mean) 0.0926 0.0926 0.0926 0.3324 0.3324 


df. 60 60 60 40 40 


*P<— 006: ** P< 0.01. 


AMg differed significantly (Table 6) from zero for all five methods and in 
each case the amount of magnesium was overestimated. The multiple-range test 
showed that the mean AMg was nearer to zero for Method I than were the means 
for Methods IT and III and that the means for Methods II and III were nearer 
to zero than were the means for Methods IV and V. 

The indicator employed for the calcium plus magnesium titration was the 
same for all five methods. The errors that existed in this titration should, 
therefore, have been the same for all methods. Because magnesium was deter- 
mined by difference in all of the methods, AMg could have been dependent 
largely on the accuracy of the calcium determination. The means of Table 5 
show that Methods I and II slightly overestimate calcium, Method III slightly 
underestimates calcium, and Methods IV and V considerably underestimate 
calcium. In comparison (Table 6), Method I slightly overestimates magnesium, 
Methods II and III overestimate it to a greater degree, and Methods IV and V 
vielded the greatest overestimation. There does seem, therefore, to be an inverse 
correlation between the underestimation of calcium and the overestimation of 
magnesium. 

Again, a comparison of Methods I, II, and III with Methods IV and V sug- 
gests that the method of removing proteins and phosphates is very important. 
Whether or not it is pertinent, the pH at the time of filtration is 1.6-1.7 with the 
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Ling procedure and 4.0-4.2 with the Jenness method. The differences between 
Method I and Methods II and III may result from the differences in indicator 
employed in calcium determination. 

To obtain further comparisons, particularly between methods, analyses of 
variances were carried out for ACa in those cases, discussed in the next section, 
for which no heterogeneity was detected among the precision variances. No 
differences in ACa were found (Table 7) between Methods II and III or between 
Methods IV and V. Table 5 clearly shows that the means for Methods IV and 
V are so much greater than those for Methods I, II, and III, that no statistical 


test is required. 


TABLE 7 


Calcium determinations. Analys.s of variance for each homogeneous group 


Homogeneous 


group Variation df. M.S. 
Levels 2 1.5427** 
Method I ever 2] 0.2368 
Methods l 0.8112 
Levels 2 2.9803* 
Methods II, IT] Methods X levels 2 0.0911 
Error 42 0.8368 
Methods 1 0.0213 
a aes Levels 3 174.1497 ** 
Methods IV, V Methods x levels 3 0.2200 
Error +0) 4.6993 


"P< G06; ** P< 662. 


All of the analyses of variance show that there were significant differences 
between the means for ACa at the various addition-levels of calcium. The 
means did not, however, change progressively in one direction as the added 
caleium increased (Table 5). 

For the magnesium determination, the homogeneity of variance was such 
that pooled analyses were possible for Methods I through III, and for Methods 
IV and V (Table 8). The significant differences among the first three methods, 
indicating the superiority of Method I over Methods II and III, have already 


TABLE 8 


Magnesium determinations. Analysis of variance for each homogeneous group 





Homogeneous 
group Variation d.f. M.S. 
Methods 2 1.2541** 
. Levels 1 6.3791** 
Methods I, II, Tit Methods X levels 2 0.3202 
Error 66 0.2058 
Methods 1 0.4447 
Tw kw Levels ] 0.6742 
Methods IV, V Methods X levels 1 0.5547 
Error 44 


2.6513 








** P< 0.01. 
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been noted (Table 6). Methods IT and III do not differ from each other. No 
differences, either between levels or methods, appeared for Methods IV and V 
in the magnesium determination. 

As a result of the suspicion that the experimental technique improved during 
the course of the experiment, it was considered advisable, for thoroughness, to 
submit the data of Run 3 to separate examination. The appropriate analyses 
of variance are given in Tables 9 and 10 for ACa and AMg, respectively. The 
findings generally confirm those presented above, except that the increased 


TABLE 9 
Caleium determinations. Analysis of variance for each homogeneous group (Run 3 only) 





Homogeneous 


group Variation df. M.S. 

peomememame uae ue ia 0.4543 
Methods I, II, III ~ ae sé Seat : — 

Error 18 0.1286 

Method l 0.4761 

Methods IV, V iene “= 51.7536 


Error 12 0.9183 





P< 0.01. 


TABLE 10 


Magnesium determinations. Analysis of variance for each homogeneous group (Run 3 only) 





Homogeneous 


group Variation d.f. M.S. 

Method 2 0.9143** 

Level 1 2.6676** 
Methods I, II, III Method xX level 2 0.0228 
Error 18 0.0439 
Method 1 0.0033 

—" Level 1 23.0410** 
Methods IV, \ Method Xx level 1 0.0077 
Error 12 0.2431 


ee P< O08. 


sensitivity of the statistical analysis resulting from the reduction of the error 
variance has now revealed significant differences for Methods IV and V in the 
AMe at different levels of added magnesium. 


SUMMARY AND CONCLUSIONS 

Five methods for determining calcium and magnesium in milk using EDTA 
titrations were compared. Method I was a combination of Ling’s potassium 
metastannate (PMS) precipitation of proteins and phosphates (3), the use of 
Erio S E mixed indicator |{Flashka et al. (1)]| for the calcium titration, and 
Jenness’ method for magnesium (2), except that pH adjustment, prior to the 
addition of buffer, involved the use of methyl red. Method II employed Ling’s 
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method for calcium and Jenness’ procedure for magnesium. Method III was 
identical with II, except that Jenness’ method of establishing the end point in 
the calcium determination was employed. Method IV was the method for calcium 
and magnesium as deseribed by Jenness (2). Method V was identical with IV 
except Ling’s method of establishing the end point in the calcium determination 
was used. 

From a convenience standpoint, the end point of the Erio S E mixed indi- 
cator is preferred to that of Murexide and the PMS procedure for removal of 
protein and phosphate (Ling) was found superior to the acid precipitation of 
proteins followed by ion-exchange removal of phosphates (Jenness). 

The precision (reproducibility) of Method I was found superior to that of 
Methods If and III which, in turn, were significantly better than Methods IV 
and V, for both calcium and magnesium. 

The accuracy (recovery of added calcium or magnesium) of Method I 
ranked above that of Methods II and III, which again had significantly greater 
accuracy than Methods IV and V, for both calcium and magnesium. 

Method I is considered to be an excellent, simple, and rapid method for 
determining calcium and magnesium in milk. 
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PARTIAL CHARACTERIZATION OF THE FLAVORS OF 
OXIDIZED BUTTEROIL ! 


A. M. EL-NEGOUMY, D. M. MILES, ano E. G. HAMMOND 


Department of Dairy and Food Industry, Iowa State University, Ames, Iowa 


SUMMARY 


Butteroil was oxidized at 40°C. and distilled in a falling-film molecular’ still. 
The volatile flavor components were trapped in a U-tube cooled with liquid nitrogen, 
and the flavor was extracted from the trap contents with a few drops of petroleum 
ether. The flavor concentrate was then fractionated by gas phase chromatography, using 
butanediol succinate polymer as a stationary phase. Most of the compounds in the 
distillate were carbonyl compounds and were identified by their retention times in the 
gas chromatograph and by paper chromatography of their 2,4-dinitrophenylhydrazones. 
The fractions from the gas chromatograph were also incorporated into milk and butter 
and judged organoleptically. It was found that the carbonyl compounds produced in 
relatively large amounts made only a limited contribution to the oxidized flavor. The 
main contributor to the characteristic oxidized flavor seemed to be a minor component 
which was present in amounts too small to be detected by gas chromatography or paper 
chromatography. This component came out in the vicinity of octanal and a-heptenal. 
This same flavor component can be found in the flavor concentrates from linseed, 
safflower, and herring oils. From the fatty acid composition of these oils, it appears 
that linoleic acid is the probable precursor of the component primarily responsible for 
the oxidized flavor. Reactions with various carbonyl reagents indicate that the compound 
responsible for the oxidized flavor is a carbonyl compounnd. 





Reports in the literature on the flavors resulting from the autoxidation of 
milk and milk products agree that the main components of these flavors are 
carbonyl compounds (3-7, 13-17). However, the component or components 
directly responsible have never been definitely established. Many carbonyl com- 
pounds have been isolated and identified in the course of these investigations. 
They have been found to be saturated aldehydes, ketones, a-unsaturated alde- 
hydes, 2.4-dienals, and dicarbonyls. However, most investigators have not been 
able to reproduce the original flavors by addition of the compounds they identi- 
fied. Forss, Pont, and Stark (5, 6) claimed that the cardboard flavor of skim- 
milk could be closely duplicated by a-octenal, a-nonenal, and 2,4-dienals. 
Recently, Day and Lillard (3) concluded from their investigation of the autox- 
idation of milk lipids that a complete spectrum of saturated and unsaturated 
carbonyl compounds was necessary to produce the flavors resulting from the 
oxidation. The different flavors were believed to arise from the various ratios 
and levels of these compounds in the fat. 
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Unfortunately, most workers have been forced to make derivatives of the 
carbonyl compounds in order to separate and identify them. The 2,4-dinitro- 
phenylhydrazine derivatives may be regenerated with levulinie acid (12), but 
this method is not entirely satisfactory. Thus, the only real test for the flavors, 
the organoleptic test, was largely lost at the beginning of the experiments. 
Recently, Forss et al. (7, 14) have investigated the fishy flavor sometimes found 
in dairy products. The flavors were concentrated by steam distillation and 
fract: nated by gas phase chromatography, using silicone oil and Carbowax 400 
as stationary phases. This permitted the flavor evaluation of the various flavor 
components. In this work, and further extension of it which Dr. Forss has 
kindly made available to us (8, 9), the flavors have been correlated with the 
earbonyl compounds present in the various fractions as follows: painty (pentanal 
and 2-pentenal), oily (hexanal, heptanal, 2-hexenal), mushroom (unknown), 
metallic (unknown), tallowy (octanal, nonanal, 2-octenal, 2,4-heptadienal), 
cucumber (2-nonenal). The fishy flavor arose from a combination of the 
metallic and tallowy components. 

Although the experiments reported in the present paper were completed 
when the work of Forss et al. (7-9, 14) began to be reported, the methodology 
and results show many points of agreement. In the present experiments, the 
flavor was concentrated from the oxidized fat by molecular distillation, and 
the flavor concentrate was fractionated by gas phase chromatography. As a 
result of these experiments it appears that a few compounds of unknown com- 
position with intense flavors are responsible for the major flavor characteristics 
of the oxidized milk fat. 

MATERIALS AND METHODS 


Preparation and oxidation of the fats. The butter was prepared in small 
stainless steel churns from sweet cream obtained from the University dairy. 
It was melted at 40-50° C. and centrifuged. The resulting butteroil was clear 
and dry and had a bland taste. The butteroil was oxidized in a large carboy at 
40° C. open to the air and in diffuse daylight. The linseed, herring, and 
safflower oils were commercial drying oils. The crude herring oil was deodorized 
to remove volatile amines. The linseed, safflower, and deodorized herring oil 
were allowed to oxidize at 40° C. for 4-6 wk. 

Preparation of the oxidized flavor concentrate. From one to four liters of 
butteroil were passed through a Rota-film molecular still at the rate of 500 ml/hr 
at a pressure of 1-10 » Hg. The still was heated just enough to keep the butter- 
oil from solidifying during its passage through the still (40-50° C.). The flavor 
distillate from the oxidized butteroil was caught in a U-trap immersed in liquid 
nitrogen. A second liquid nitrogen—cooled trap was placed between the first 
trap and the diffusion pump of the molecular still to protect the flavor con- 
centrate from vapors from the diffusion pump. The distillate always contained 
some water, which was removed by extracting the distillate with a few drops of 
Skellysolve B. Organoleptic tests revealed that the components responsible for 
the flavors were found almost exclusively in the Skellysolve layer. Flavor 


concentrates of the other oxidized oils were prepared in a similar manner. 
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Carbonyl reference compounds. The saturated aldehydes, ketones, acrolein, 
and crotonaldehyde were obtained commercially. a-Pentenal and a-hexenal were 
prepared by the method of Harrison and Daubert (11). a-Heptenal, a-octenal, 
and a-nonenal were prepared by Bedoukian’s method (1). The 2,4-dinitropheny]l- 
hydrazones of these compounds were prepared by reaction with saturated 2,4- 
dinitrophenylhydrazone in 2 N acid. The hydrazones were purified by recrystal- 
lization, and their purity was established by their melting points and ultra- 
violet spectra. 

Gas chromatography. The components of the flavor concentrates were re- 
solved in a Podbielniak Chromacon apparatus. Most of the separations were 
earried out at 130-140° C. on a 6- to 10-ft. column packed with a butanediol 
succinate polymer on Chromosorb (2). This packing was selected because it did 
not contaminate the exit gas with strong flavors or carbonyl compounds. Helium 
at a flow rate of 37-48 ml/min was used as the carrier gas. Usually, 50 pl. of 
the distillate in petroleum ether were injected into the apparatus with the aid 
of a micrometer syringe. The sample heater was usually set at 250-300° C. A 
tail pipe heater was installed to prevent the condensation of the components 
as they emerged from the apparatus. 

The components emerging from the tail pipe of the gas chromatograph were 

treated by each of the following techniques: 
(1) The fraction corresponding to each peak was received separately in 50 ml. 
of fresh pasteurized homogenized milk. These samples were examined organo- 
leptically at appropriate dilutions by a tasting panel. (2) Each fraction was 
received separately into 4 ml. of fresh, pasteurized, homogenized milk, then 
two to three drops of the milk were mixed into 10 g. of fresh butter. The butter 
was examined by a tasting panel. (3) Each fraction was received into a few 
milliliters of 2,4-dinitrophenylhydrazone solution in 2 N HCi. The 2,4-dinitro- 
phenylhydrazones were collected by filtration and extraction and analyzed by 
paper chromatography. 

The carbonyl reference compounds whose flavors were examined were puri- 
fied by gas chromatography and tasted in milk. 

Paper chromatography. The techniques used were modifications of those of 
Gaddis and Ellis (10). The chromatograms were prepared from strips of 
Whatman No. 3 paper 9.5 in. long and tapered from 114 in. at the top to 34 in. 
at the bottom. The chromatograms were developed in test tubes. The following 
systems were used: (1). For the separation of the hydrazones into ketones, satu- 
rated aldehydes, a-unsaturated aldehydes, 2,4-dienals, and dicarbonyls the paper 
was developed with n-pentane. (2). For C; and C; saturated aldehydes, the 
paper was impregnated with a kerosene fraction (b.p. 193-200° C.) and de- 
veloped with methanol-ethanol-water 10:7.5:10. (3). For Cs; to Cio saturated 
aldehydes, Cz; and Cg a-unsaturated aldehydes, and ketones, the paper was 
impregnated with a 7% solution of vaseline in benzene and developed with 
methanol-ethanol-water 10:7.5:10. (4). For Cy to Cy. a-unsaturated aldehydes 
and 2,4-dienals, the paper was impregnated with 7% solution of vaseline in 
petroleum ether (b.p. 91-95° C.) and developed with methanol-water 89: 11. 
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Flavor terminology. In describing the flavors of single components and 
mixtures encountered in these experiments, the familiar terms which came 
closest to deseribing the flavors were used. Thus, the flavors associated with 
the early stages of oxidation in milk and butter (emery, cardboard, oxidized ) 
were called oxidized. Flavors similar to the tallowy flavors which develop during 
the later stages of oxidation in milk and butter were called tallowy. Flavors 
which develop sometimes during the later stages of the oxidation of butter— 





painty, oily, and metallic—were used to describe the flavors of certain fractions. 
The painty flavor resembles the flavor of a drying oil such as linseed oil, though 
often the aroma is more characteristic of drying oils than the taste. The oily 
flavor resembles the plant-like, grassy flavor of an unrefined vegetable oil. 

Paint-like butteroil. A sample butteroil which had been subjected to oxida- 
tion for 12-18 mo. was used in these experiments. The oil was completely 
bleached and had a paint-like, linseed oil aroma. A flavor concentrate of this 
butteroil was prepared and analyzed by gas phase chromatography, as pre- 
viously deseribed. The concentrate gave the characteristic pattern of peaks 
shown in Figure 1. The various components from the gas chromatography were 
examined organoleptically and by paper chromatography of their 2,4-dinitro- 
phenylhydrazones. The results are recorded in Table 1. 

The paint-like aroma characteristic of this sample was found in the second 
fraction, which gave a slightly oxidized flavor when tasted in milk and butter. 
The fraction was shown to contain pentanal and 2- or 3-pentanone, but the 
painty aroma and characteristic taste of this fraction could not be duplicated 
by mixtures of these carbonyl compounds. Thus, it was concluded that some 
other constituent of this fraction must be responsible for the painty aroma. 

Fraction 4A gave a flavor in milk similar to that associated with the early 
stages of oxidation, and also gave a rather typical oxidized flavor in butter. 
This fraction contained a-pentenal; however, it is doubtful if this component 
was responsible for the flavor, since some samples which contained a-pentenal 
did not yield an oxidized flavor. 

Fractions 5, 6A, and 9B were at times judged to have flavors reminiscent 
of various types of oxidation in milk fat. 

Fraction 10B and subsequent fractions had a strong, oily flavor. Probably 
this high-boiling compound condensed partially in the tail pipe and contam- 
inated subsequent fractions. 

Fraction 6B gave a typical oxidized flavor to both milk and butter. When 
diluted, it gave a flavor which was quite similar to that of the early stages of 
oxidation in both milk and butter. In heavier concentrations, it resembled 
a tallowy flavor. This interesting flavor component appeared in the region 
between octanal and a-heptenal, but synthetic a-heptenal and octana!l, and 
mixtures of these compounds, did not resemble the oxidized flavor. Indeed, it 
was found that oxidized flavor masked the flavor of additional octanal and 
a-heptenal added to the flavor distillate. Thus, the flavor seems to be caused 
by some minor component with an extremely intense flavor. No observable peak 


for this component has ever been found with the gas chromatograph. 
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nd | After 18 mo. of storage, the flavor and aroma of this painty butteroil began 
me j to change in character, although the pattern of peaks obtained on the gas 
ith J chromatograph of the flavor distillate showed little change. Eventually, this 
d ) lot of butteroil no longer yielded the characteristic painty aroma found in 
ng | Fraction 2. Also, Fraction 4A no longer yielded an oxidized flavor. The typical 


ors §& oxidized flavor in Fraction 6B decreased in intensity, but the oily flavor char- 





acteristic of Fraction 10B remained quite pronounced. 
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Fig. 1. Gas chromatography chart of the flavor concentrate from painty butteroil. 
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yielded a flavor concentrate which gave a typical tallowy flavor to milk. When 
analyzed on the gas chromatograph, it gave much less total carbonyl compounds 
than the previous sample. There was no painty aroma in Fraction 2 or oxidized 
flavor in 4A. However, Fraction 6B still had a pronounced oxidized flavor and 
a fraction in the vicinity of 10B gave a strong, oily flavor. When all the frac- 
tions received from the tail pipe of the gas chromatograph were placed in a 
single sample of fresh milk, the milk acquired a tallowy flavor, characteristic 
of the whole distillate. The fractions were divided into three groups: A con- 
taining all fractions up to 6B; B containing 6B; and C containing fractions 
after 6B. In milk, Fraction A by itself tasted like hexanal, its major con- 
stituent. Fraction B gave a flavor typical of early oxidation; the strong, oily 
flavor was predominant in C. Mixtures of A and C gave a flavor typical of an 
old, oxidized fat no longer edible. The stage of oxidation seemed to be a fune- 
tion of the ratio of B to A + C. High ratios of B to A + C gave a flavor re- 
sembling that of the early stages of oxidation in milk. Low ratios resembled 
a more advanced (tallowy) stage of oxidation. 

Tallowy butter. A sample of tallowy butter which had been oxidized in 
cold storage for about 1 yr. was converted to butteroil and the flavor was con- 
centrated. The flavor concentrate had an odor resembling Blue Mold Cheese. 
Gas chromatographic analysis also revealed that the concentrate had a higher 
concentration of ketones than did concentrates previously obtained from butter- 
oils oxidized at higher temperatures. The oxidized flavor of Fraction 6B was 
again encountered, as was the oily flavor of 10B. 

A batch of fresh butter was distilled as a control and was subsequently in- 
vestigated by gas chromatography. The same pattern of peaks was obtained 
as in the painty butter, except that the peaks were relatively much smaller. 
A slight oxidized flavor was detected in a fraction corresponding to 6B. 

Resolution of the flavors on silicone columns, Since the butanediol succinate 
polymer is a relatively polar stationary phase, it seemed wise to try gas chro- 
matography on a nonpolar phase like silicone oil. These investigations were 
carried out on 6- to 10-ft. columns at 130° C. On this column, the relative 
positions of a-heptenal and octanal are reversed from their order on butanediol 
succinate; however, the oxidized flavor which had been found in Fraction 6B, 
still came out between these two components. The fractions resulting from the 
silicone oil packing were contaminated with some foreign flavor components 
which appeared to be generated by this type of packing. 

Isolation of the oxidized and oily flavors from other fats. To find the pre- 
cursor of the oxidized flavor and a clue to its structure, flavor concentrates were 
prepared from oxidized linseed, safflower, and herring oils. A component similar 
to Fraction 6B from oxidized butteroil was found in the flavor concentrates 
from all of these fats. This component had a retention time between that of 
octanal and a-heptenal and gave a typical oxidized flavor to milk. All these 
oils vielded the oily flavor encountered in oxidized butteroil. The component 


had a retention time close to that of undecanal. Several fractions from fish oil 


gave fishy flavors to the milk. The oils all gave hexanal, but there was little 
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a-heptenal or oetanal. None of the oils gave the painty aroma found in painty 
butteroil. 

The carbonyl nature of the oxidized flavor. The carbonyl nature of the oxi- 
dized flavor compound was established as follows: 

1. Upon reacting the flavor distillate from oxidized butteroil with several 
carbonyl reagents such as hydroxylamine, semicarbazide, 2,4-dinitrophenylhy- 
drazine, and Girard’s reagent T, the odor of the distillate was either altered 
substantially or removed entirely. 

2. Some of the flavor concentrate from oxidized butteroil in Skellysolve B 
was shaken overnight with an aqueous solution of semicarbazide in acetate 
buffer at pH 4. The Skellysolve layer was recovered and examined by gas 
chromatography. It was found that the level of oxidized flavor in Fraction 6B 
was reduced to '5 to 4, of that of a control shaken with acetate buffer. The 
peaks representing octanal and a-heptenal were obliterated. In a similar experi- 
ment, using Girard’s reagent T in methanol, the oxidized flavor in 6B was 
almost completely removed, whereas a control left in methanol still possessed 
a strong flavor. 

3. The flavor concentrate from oxidized butter was reacted with a few drops 
of mercaptoacetic acid for 15 to 20 min. and the reaction mixture was diluted 
with water and extracted with Skellysolve B. The oxidized flavor of Fraction 
6B was completely absent in the Skellysolve extract. 

Although these experiments indicate that the oxidized flavor is a carbonyl 
compound, it was not possible to find any indication of the oxidized flavor 
component of Fraction 6B among the 2,4-dinitrophenylhydrazones; only oe- 
tanal and a-heptenal could be detected by paper chromatography. There was 
some indication that a dicarbonyl might be present. The fraction from the gas 
chromatography which contained the oxidized flavor was collected in carbon 
tetrachloride. An infrared spectrum of this solution showed mainly a-heptenal. 
The 2,4-dinitrophenylhydrazones prepared from the gas chromatograph fraction 
containing the oxidized flavor did not yield any oxidized flavor when they 
were regenerated (13). A typical a-heptenal odor was produced. 


DISCUSSION 


Table 1 and Figure 1 show the main components identified to be saturated 
aldehydes, saturated ketones, a-unsaturated aldehydes, 2,4-dienals, and di- 
carbonyls. These types of compounds have previously been identified in oxi- 
dized fats (3, 5, 6). They are essentially those found by Forss et al. (7) in 
fishy milk fat. Probably some of the short-chain carbonyl compounds were 
lost in removal of the water from the butter or flavor distillate. However, the 
components which were readily identified seem to make a limited contribution 
to the flavor. Fraction 6B by itself gives a flavor which is quite typical of the 
first detectable stages of oxidation in milk and butter. Apparently, as the 
oxidation progresses, other flavor components blend with 6B to give the sen- 
sation of more advanced stages of oxidation. Among the most important flavors 


in this blending process, the oily flavors in LOB and hexanal seem to predominate. 
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nty Hexanal was always found in higher concentration than the other carbonyl] 

* compounds. It is probably an important contributor to the flavor. 

IX1- The painty flavor and aroma arising in butteroil in a certain stage of the 

oxidation process seem also to be due largely to a single component. It seems 
ral to be similar to the painty compound reported by Forss et al. (8, 9); however, 
hy- it is evidently not due to pentanal and a-pentenal, as they believed. Like 6B, 
red it seems to be a minor component with intense flavor. 

5 The metallic flavor component reported by Forss ef al. (7, 8) resembled the 
~B @ flavor in 6B which we have designated oxidized, in that they have similar 
ate retention times on silicone columns and both are minor components with very 
vas intense flavors. However, a sample generously supplied by Forss had a metallic 
6B @ flavor completely different from any encountered in the present experiments. 
"he Probably the presence of copper is necessary for the production of metallic 
ri. flavors, and copper was excluded from samples in these experiments. The 
vas flavor in 6B seems to correspond more closely to the tallowy components found 
sed @ by Forss et al. (7, 9). Their tallowy fraction contained octanal and should 

contain most of the fraction corresponding to 6B. 
ps However, there are several differences in the present work and that reported 
ted by Forss et al. which are difficult to reconcile. These investigators report that 
on cardboard flavors similar to those associated with the early stages of oxidation 
can be simulated with a-octenal and a-nonenal (5, 6), and that synthetic octanal 
iy! and nonanal impart a tallowy flavor to butter (7). From the present experi- 
yor ments with the flavor concentrates and synthetic carbonyl compounds, it appears 
06- that Fraction 6B is a necessary ingredient in both the early (cardboard) and 
vas late (tallowy) stages of the flavor of oxidized milk lipid. The present experi- 
aS =sments suggest no relationship between the saturated and a-unsaturated Cy and 
_ (y aldehydes and cardboard or tallowy flavors. Forss et al. (7) described the 
al. @ flavor of hexanal and heptanal as oily. These or other compounds issuing from 
On | the gas chromatograph in the vicinity of hexanal and heptanal were not found 
ey @ to give oily flavors in our experiments. Moreover, a flavor issuing from the gas , 
chromatograph in the vicinity of undecanal was invariably described as oily or 
vrassy. Probably the term oily is used to describe two different flavors in these 
instances, 
ed The oxidized flavor in 6B could also be isolated from linseed, safflower, and 
li- herring oils. The only unsaturated fatty acids known to be common to all these 
xi- oils are linoleic and oleic acids. The former is probably the precursor of the 
in oxidized flavor. 
re The reactions between the oxidized flavor component and the various carbonyl 
he reagents indicate that the oxidized flavor in 6B is a carbonyl compound. Pre- 
on sumably, it contains only oxygen, hydrogen, and carbon. A number of different 
he carbonyl compounds have been investigated on silicone and butanediol succinate 
he columns. These experiments showed that monocarbonyl compounds with addi- 
n- @ tional oxygen functions (such as epoxide, alcohol, or dicarbonyls) show a much 
Ts longer retention time on butanediol succinate than on silicone. In view of this 
finding, it seems unlikely that the flavor in 6B contains any oxygen-containing 
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functional group besides carbonyl. The flavor compound must be closely related 
to oetanal or a-heptenal. Attempts to synthesize B-unsaturated aldehydes were 
not suecessful. Possibly, the flavor compound contains a branched chain or an 
isolated double bond. The synthetic a-heptenal is presumably the trans isomer. 
The cis form might be responsible for the oxidized flavor. It is tempting to 
speculate that the painty flavor in Fraction 2, the oxidized flavor sometimes 
found in 4A, and the oxidized flavor in 6B and perhaps 9B form an homologous 
series. 
REFERENCES 

1) Bepouxian, P. Z. Preparation of a-, 8-Unsaturated Aldehyde Dimethyl Acetals and 

Their Free Aldehydes. J. Am. Chem. Soe., 79: 889. 1957. 
Craig, B. M., anp Murry, N. L. Quantitative Fatty Acid Analysis of Vegetable Oils 

by Gas-Liquid Chromatography. J. Am. Oil Chemists’ Soe., 36: 549. 1959. 
3) Day, E. A., anp Littarp, D. A. Autoxidation of Milk Lipids. I. Identification of 

Volatile Monocarbony! Compounds from Oxidized Milk Fat. J. Dairy Sei., 48: 585. 


1960, 

(4) Duin, H. van. Investigations into the Carbonyl Compounds in the Autoxidation Products 
of Phosphatides from Butter. Netherlands Milk Dairy J., 12: 81. 1958. 

5) Forss, D. A., Pont, E. G., anp Srarx, W. The Volatile Compounds Associated with 
Oxidized Flavor in Skim Milk. J. Dairy Research, 22:91. 1955. 

6) Forss, D. A., Pont, E. G., anp Stark, W. Further Observations on the Volatile Com- 
pounds Associated with Oxidized Flavor in Skim Milk. J. Dairy Research, 22: 345. 
1955. 

(7) Forss, D. A., Dunsronr, E. A., AND Stark, W. Fishy Flavor in Dairy Products. II. 
The Volatiie Compounds Associated with Fishy Flavor in Butterfat. J. Dairy Re- 
search, 27: 211. 1960. 

(8) Forss, D. A., Dunsronr, E. A., AND Stark, W. Fishy Flavor in Dairy Products. IIT. 
The Volatile Compounds Associated with Fishy Flavor in Washed Cream. J. Dairy 
Research, 27: 373. 1960. 

(9) Forss, D. A., DuNstTonp, E. A., AND Stark, W. The Volatile Compounds Associated 
with Tallowy and Painty Flavors in Butterfat. J. Dairy Research, 27: 381. 1960. 

(10) Gappis, A. M., anp Enuis, R. Paper Chromatography of 2,4-Dinitrophenylhydrazones. 
Resolution of 2-Alkanone, n-Alkanal, Alk-2-enal, and AJlk-2,4-dienal Derivatives. 
Anal. Chem., 31: 870. 1959. 

11) Harrison, J. B., anp Dausert, B. F. Flavor Reversion in Soybean Oil. VII. The 
Autoxidation of Isolinoleie Acid. J. Am. Oil Chemists’ Soe., 30: 371. 1953. 

(12) Kenney, M. Regeneration of Carbonyls from 2,4-Dinitrophenylhydrazones with Levu- 
linie Acid. Anal. Chem., 29: 1489, 1957. 

(13) Kenney, M., ann Doan, F. J. Studies on Oxidized Milk Fat. I. II. III. J. Dairy 
Sci., 34: 713. 1951. 

(14) Pont, E. G., Forss, D. A., anp DuNnstonr, E. A. Fishy Flavor in Dairy Produets. 1. 
General Studies on Fishy Butterfat. J. Dairy Research, 27: 205. 1960. 

15) Rrev, R. R., anp Sommer, H. H. Isolation and Characterization of Some Oxidation 

Products Associated with Oxidized Flavor. J. Dairy Sci., 38: 1215. 1955. 
(16) Tamsma, A. F. A Study of the Volatile Fraction Isolated from Oxidized Milk Fat. 
Il. Further Characterization of Compounds Responsible for the Oxidized Flavor. 


J. Dairy Sei., 38: 487. 1955. 


(17) VAN pER WAARDEN, M. Research in Holland. Chemical and Physical Investigations on 
Dairy Products. p. 155. Elsevier, New York. 1947. 

















an 
sili 
ste 
we 
col 
sus 
th: 
thi 
tal 
we 


sti 
dle 
at 

be 
of 

to 

¢Ol 
Al 
ol) 
fre 
int 


Col 


nd 


ils 


of 


85. 


ith 


red 


ivy 


on 


or. 


on 











GLYCERIDE AND FATTY ACID COMPOSITION OF SOME 
MONO-DIGLYCERIDE ICE CREAM EMULSIFIERS 


R. G. JENSEN, J. SAMPUGNA, anp G. W. GANDER 


Department of Animal Industries, Storrs Agricultural Experiment Station, Storrs, Connecticut 


SUMMARY 


The glyceride and fatty acid compositions of 20 commercial ice cream emulsifiers 
were determined, The ranges of mono-, di-, and triglycerides were 20.6-93.5%, 6.5-51.3%, 
and 0.5-16.6%, respectively. Glyceride contents were determined colorimetrically and by 
silica-gel chromatography. Most of the solid emulsifiers contained by weight: 45.0-69.8% 
stearate and 23.8-48.8% palmitate. Smaller amounts of laurate, myristate, and oleate 
were present. The liquid emulsifiers contained 83% oleate or linoleate. The fatty acid 
compositions were determined by gas-liquid chromatography. Since many suppliers 
suggested about 0.1% of mono-diglyceride emulsifier for ice cream, it is recommended 
that the amount be adjusted according to the actual monoglyceride content and that 
this information be placed on the label. Two of the emulsifiers were labelled as con- 
taining glucose. Three of them were liquid at or near room temperature and the rest 
were in the form of free-flowing beads or flakes. 





A recent announcement by the Food and Drug Administration on Federal 
standards for ice cream lists monoglycerides or diglycerides, or mixtures of both 
derived from the glycerolysis of edible fats, as optional emulsifiers to be used 
at a level of less than 0.2% (1). Although mono-diglyceride emulsifiers have 
been used in ice cream for several years, information concerning the composition 
of these emulsifiers is not generally available. Since monoglycerides are reported 
to be much more surface-active than diglycerides (2), a knowledge of the relative 
concentrations is important in determining the effectiveness of these emulsifiers. 
Also, the extent of unsaturation of the fatty acids contained in the mono-di- 
elyceride portion of the emulsifier contributes to the degree of dryness in the 
frozen ice cream (6). Therefore, the present study was undertaken to obtain 
information on the glyceride content and fatty acid composition of several 
commercial mono-dighyceride ice cream emulsifiers, so that a more adequate 
estimate could be made of their emulsifying and dryness-producing properties. 


EXPERIMENTAL PROCEDURE 


Twenty mono-diglyceride ice cream emulsifiers were obtained from various 
manufacturers. About 2 g. of emulsifier was weighed into an Erlenmeyer flask, 
dissolved in 250 ml. of ether, quantitatively transferred to a separatory funnel, 
and washed five times with equal volumes of water to remove glycerol, glucose 
if present, and other water-soluble materials. Additional solvent was used for 
several of the emulsifiers to obtain complete solution. In some cases it was 
hecessary to extract the wash water with further quantities of ether. The ether 
extracts were combined, dried with anhydrous NagSO,, the solvent removed with 
a flash evaporator, the ether-soluble material transferred to a tared flask with 
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TABLE 1 


Glyceride composition of commercial mono-diglyceride ice cream emulsifiers 








Per cent Per cent glyceride” ; 

Per cent mono- Physical 

No fat glyceride* mono di tri form 
l 90.5 45.4 40.4 50.8 3.1 Beads 
2 96.2 37.7 43.8 50.3 2.0 Beads 
3 99.1 64.7 58.3 36.6 1.1 Beads 
+ 95.7 71.0 70.2 17.2 7.3 seads 
5 95.8 46.6 40.8 51.3 4.1 Beads 
6 91.6 45.2 3.0 49.4 0.8 Flakes 
7 94.6 46.6 2.3 37.9 3.0 Beads 
Ss 92.4 49.2 44.6 46.2 1.7 Beads 
9 93.7 62.0 53.9 34.5 0.6 Beads 
10 98.2 39.5 36.4 44.0 6.7 Flakes 
11 91.9 44.8 42.7 47.0 0.5 Beads 
12 95.9 64.0 36.9 36.9 3.8 Beads 
13 93.8 54.0 47.3 43.9 ef Beads 
14 98.0 66.1 99.7 36.1 LZ Beads 
15 71.6‘ 36.2 33.5 37.5 0.6 Beads 
16 43.8‘ 20.6 20.2 23.5 1.4 Beads 
7 86.5 49.9 45.6 30.8 0.8 Liquid 
18 94.6 75.7 69.7 10.1 16.6 Beads 
19 96.3 88.2 87.1 6.5 0.8 Plastic 
20 97.4 93.5 87.2 6.9 1.3 Liquid 


“Per cent of original emulsifier as monostearin. Colorimetrie method. 
» Siliea-gel column chromatography. Per cent by weight of emulsifier. 
* Labelled as containing glucose. 


ether and chloroform, the solvent removed, and the flask placed in a vacuum 
desiccator for 24 hr. The transfers of fat were facilitated by the use of small 
funnels and a polyethylene squeeze bottle filled with ether. Four of the 
emulsifiers (about 1 g.) were also extracted by the silica-gel method (3, 5), 
but recoveries were not consistently satisfactory. After the weight of the ether- 
soluble material was obtained, 1-monoglycerides were determined in duplicate 
on this material by a colorimetric procedure (5), glycerides by silica-gel column 
chromatography (9), and fatty acids by gas-liquid chromatography (GLC). 
(‘pon conversion of the fatty acids to methyl esters by interesterification using 
sodium methoxide (7), the methyl esters were separated on a diethylene glycol 
succinate column (5 ft. by 14-in.), using an Aerograph (Model A-90C) instru- 
ment. The esters were identified by comparison with retention times of authentic 
compounds ' and were estimated with an integrator built into the recorder. No 
analyses were made for glycerol, glucose, water, and free fatty acids. 
RESULTS AND DISCUSSION 

The per cent fat, per cent monoglyceride as determined colorimetrically 
and expressed as monostearin, per cent glycerides as determined by silica-gel 
chromatography, and physical forms of the 20 emulsifiers are presented in 
Table 1. The monoglyceride contents ranged from 20.6 to 93.5%. While some 
recommendations for the use of the emulsifiers were specific as to the usage 


‘Obtained from Applied Science Laboratories, 140 N. Barnard Street, State College, 


Pennsylvania. 
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EMULSIFIERS 1059 
levels, many of them stated a level of about 0.1% without regard to the mono- 
glyceride content. Since reduced emulsifier concentration also reduces dryness 
in ice cream, the amount used should probably be adjusted according to the 
monoglyceride content (6). The two methods of determining monoglyceride 
produced similar results. Some of the discrepancies may be attributed to the 
calculation of colorimetric results as monostearin, whereas the chromatographic 
results were the weights of the monoglyceride fractions and were not pure 
monostearin. Some of the emulsifiers contained considerable diglyceride, which 
is reported to contribute little to surface activity (2). Most of the emulsifiers 
contained triglyceride as an inevitable result of the preparation of the mono- 
elycerides by glycerolysis. These triglycerides contribute little to surface ae- 
tivity. Glycerolysis, which consists of heating a fat such as lard, and glycerol 
with an alkaline catalyst, produces a mixture containing about 40% mono- 
elyceride, 40% diglyceride, and some triglyceride and glycerol. The mono- 
glyceride content can be increased by reacting glycerol with a fatty acid (1). 
Molecular distillation of these mixtures will produce monoglycerides of at least 
90% purity (8). Two of the emulsifiers (No. 15, 16) were labelled as containing 
glucose, which is claimed to aid in dissolving the emulsifiers. This activity 
attributed to glucose should be investigated further, since 1-monostearin, the 
monoglyceride usually present in largest quantity, has a melting point of 76° C. 
(4) and would be difficult to disperse in ice cream mix. 

The loss in weight observed when ether solutions of the emulsifiers were 
washed with water was probably due to removal of glycerol, water, and other 
water-soluble materials. Some manipulative loss possibly also occurred. The 
estimation of monoglyceride with methods involving oxidation by periodic acid 


TABLE 2 
Fatty acid composition of fat from commercial mono-diglyeeride ice cream emulsifiers 


Per cent fatty acid by weight as methyl ester 





No. 10: 0* 12:0 14:9 14:1] 15:0 16:0 16:1] L730 18:0 18:1 18:2 








1 3.1 tr. 28.6 0.5 67.8 
? 0.5 10.8 36.2 §2.5 
3 2.7 tr. 27.5 0.5 69.3 
4 2.4 0.9 24.0 1.8 53.1 17.8 
5 0.2 6.4 31.5 60.9 1.0 
6 33 tr. 27.5 O.3S 67.9 0.5 
7 0.3 3.2 38 1.0 69.8 1.9 
Ss 3.2 tr. S 0.5 68.5 
v 2.4 Gr: 3) O.8 67.8 0.2 
10 1.4 5.0 27.5 0.6 64.1 1.4 
1] 5.1 0.5 30.9 1.4 61.8 0.3 
12 3.3 0.2 36.9 i3 58.0 0.5 
13 0.8 6.6 6.2 30.6 0.3 95.5 
14 3.9 31.8 2.1 60.7 1.5 
15 3.3 48.8 0.8 45.0 2.1 
16 6.3 33.3 60.4 
17 2.7 1.6 1.1 10.8 83.8 : 
18 0.2 5.2 2.0 14.3 7.6 26.9 44.3 1.5 
19 D.0 1.2 4.] 6.1 83.1 
20) 6.5 10.3 83.2 


‘ First figure is the number of carbon atoms; second figure, number of double bonds. 
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requires prior removal of any glycerol and glucose present. In these methods, 
1 mM of glycerol (92 mg.) is equivalent to 2 mW of monostearin (718 mg.) ; 
therefore, the presence of even small quantities of glycerol could introduce 
large errors. 

The fatty acid compositions of the emulsifiers are presented in Table 
Inspection of the results shows that the emulsifiers can be placed in groups of 
remarkably similar composition, which possibly is indicative of a common or 
similar raw material used in the manufacture of the emulsifiers. Many of the 


. 


~ 


emulsifiers, even though termed glyceryl monostearate, are probably made from 
lard or hydrogenated cottonseed oil and, hence, can not be expected to be pure 
stearate. Most of the emulsifiers (Table 2) contained considerable palmitate 
and smaller amounts of other fatty acids. Samples 17, 19, and 20 can be termed 
liquid emulsifiers, since they consisted primarily of unsaturated fatty acids 
which are liquid at or near room temperature. These emulsifiers should be 
easily dispersible. The remaining emulsifiers were in the form of free-flowing 
beads or flakes. The liquid emulsifiers and some others were labelled as con- 
taining antioxidants. Sample 20 was labelled as prepared from safflower oil 
and 19 as made from oleic acid. Sample 18 was probably a blend, which may 
account for the unique pattern of fatty acid composition. Sample 4 may have 
been prepared from a partially hydrogenated vegetable oil, because it contained 
a relatively large quantity of oleic acid. 

After consideration of the above results, it is recommended that the level of 
usage of these emulsifiers in ice cream mix be adjusted as to the per cent mono- 
glyceride in the emulsifiers and that the emulsifiers be adequately labelled as to 
content, composition, and presence of antioxidants. It should’ be mentioned in 
passing that several of the emulsifiers contained satisfactory labelling. 
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TISSUE STORAGE AND APPARENT ABSORPTION OF ALPHA- AND 
GAMMA-TOCOPHEROLS BY HOLSTEIN CALVES 
FED MILK REPLACER ! 


R. T. CHATTERTON, JR.,7 D. G. HAZZARD, H. D. EATON, 
B. A. DEHORITY,* ann A. P. GRIFO, JR. 
Animal! Industries Department 
AND 
D. G. GOSSLEE 


Storrs (Conn.) Agricultural Experiment Station, Storrs 


SUMMARY 

Gamma- or alpha-tocopherol was fed in a milk replacer at two levels, 1.0 and 3.0 mg. 
per pound of live weight per day, to 12 Holstein male (22 + 2 days old) calves for a 
14-day period. Based on total tocopherol analyses, gamma-tocopherol was found to have 
19° of the value of alpha when utilizing plasma concentration as the criterion, 22% 
when using liver concentration, and 44% when using heart concentration. Based on 
paper chromatographic separation of alpha and gamma (in this separation, the gamma 
fraction also included the beta and zeta forms of tocopherol) similar values were, 
respectively, 26, 1, and 13%. The calves receiving gamma-tocopherol had a considerably 
higher proportion of other forms of tocopherol (particularly alpha) in their tissues 
than calves receiving alpha-tocopherol, thereby indicating a possible dietary interaction 
hetween the two forms of tocopherol. Based on apparent alimentary (canal) absorption, 
gamma-tocopherol was found to be of slightly greater value than alpha; 104% as 
determined from total tocopherol analyses and 107% as determined by paper chromato- 
eraphie separation of alpha and gamma. 

Seven forms of tocopherol have been identified whose structures correspond 
to the mono-, di-, and tri-substituted methyl derivatives on the benzene portion 
of the chroman nucleus of tocopherol (2). Based on recent investigations by 
Green (17), evidence has been presented for additional forms of tocopherol 
which differ in structure from the seven above and whose structures are now 
being determined (18). 

With the advent of chromatographic procedures for the separation of the 
various methylated forms of tocopherol (5-9, 15, 16, 19, 28), information is 
rapidly appearing as to their occurrence in various feedstuffs. Examples are 
Deuel’s (13) compilation on various oils and Brown's (10), Green et al. (19), 
and Ames’s (1) data on other feedstuffs. 

The biological potencies of the various forms of tocopherol are of interest, 
since feedstuffs normally fed to domestic animals and poultry generally contain 
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more than one form of tocopherol. Information obtained to date (5, 11, 12, 20, 
31, 37) indicated that for prevention of sterility, testis degeneration, uterine 
pigmentation, or fetus resorption in the rat, or tissue storage in the rat and 
the chick, deposition in chicken eggs and mammary transfer in the cow, the 
alpha form of tocopherol was the most active of the seven known forms of 
tocopherol. Beta was found to possess between 25 and 41% of the tocopherol 
activity of alpha, gamma between 8 and 28, delta between 1 and 28, epsilon 
between 0 and 8, zeta between 40 and 50, and eta between 3 and 8. Not all of 
these data represent simultaneous determinations of the relative potency on all 
known forms, nor are the data equally weighted as to criterion used in deter- 
mination of potency. When in vivo antioxidant activity was used as a criterion, 
the relative potencies of alpha, beta, and gamma did not agree with biopotencies 
as described above, Lundberg et al. (26). On the other hand, in vitro antioxi- 
dant activities under certain conditions were essentially in the order as above, 
but under other conditions were not (24). 

Relatively few data on apparent or actual absorption of tocopherol have 
been reported. In a study dealing with methods of determining fecal tocopherol 
concentration, Klatskin and Molander (23) reported apparent absorption by 
humans of between 56 and 67% of ingested pL-a-tocopheryl acetate. In a patient 
with progressive muscular dystrophy, fed tocopherol or tocopherylquinone, 
approximately 40% of these compounds were apparently absorbed (29). Rabbits, 
fed p-a-tocopheryl-5 methyl-C™ succinate in sesame oil, were found by Simon 
et al. (32) to excrete over 74% of the administered dose within a three-day 
period. 

The objective of this study was to determine the relative value of gamma- 
to alpha-tocopherol for Holstein calves fed milk replacer, using as criteria 
plasma, heart, and liver tocopherol concentrations, and apparent tocopherol 
absorption. 

EXPERIMENTAL PROCEDURE 

Animals and feeding. Twelve, one-day-old male Holstein calves, average 
initial weight 105 lb. (range, 87 to 120), were brought to the research barn 
from Connecticut state institution herds during April-May, 1959, and placed in 
individual, sawdust-bedded tie-stalls. Each calf received one 500-mg. tablet of 
chlortetracycline (Lederle’s Aureomycin) for three successive days and one 
gelatin capsule of vitamin A (Nopeay ‘‘250°° Type M guaranteed to contain 
250,000 U.S.P. units per gram) containing 100,000 U.S.P. units on the first day. 
Those calves which had not nursed their dams for a 24-hr. period were given 
8.0 lb. colostrum from a frozen colostrum bank. Kach then received the follow- 
ing ration to the seventh day of age: second day—s lb. whole milk, third day— 
8 lb. whole milk, fourth day—s lb. of 24 whole milk and 1 milk replacer (0.15 


> 


lb. milk replacer plus 0.85 lb. of warm water), fifth day—s lb. of 1 whole milk 


and 24 milk replacer, and sixth and seventh days—8 lb. of milk replacer. Based 


on the seventh-day live weight, each calf received milk replacer at the rate of 
10% of live weight and this allowance was increased by 7% each successive 
seven-day period thereafter. The composition of the dry milk replacer was as 


reported previeusly (22). 
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At an average age of 22 days (standard deviation of two), each calf was fed 
for a 14-day period either alpha-tocopherol or gamma-tocopherol at one of two 
levels, 1.0 or 3.0 mg. per pound of live weight per day, according to a previously 
randomized allotment. These forms of tocopherol were purified pD,a-tocopherol 
Distillation Products Industries, Lots No, 08376, 915525, 928033) and purified 
p,y-tocopherol (Distillation Products Industries, Lots No. 928033, 928423, 
946484, 958066). During this same period, the milk replacer was also supple- 
mented with vitamin A (Hoffmann-LaRoche, Rovimix A-325, Lot No. 366, syn- 
thetic vitamin A palmitate in a gelatin-sugar-starch-matrix with added food 
gerade antioxidants and a claimed potency of 325,000 U.S.P. units of vitamin A 
per gram) at the rate of 12 y per pound of live weight per day. Upon comple- 
tion of each calf’s 14-day vitamin supplementation period, each calf was 
slaughtered. 

The tocopherol supplements were prepared for feeding by weighing a desig- 
nated amount of the particular form of tocopherol, dissolving in a specially 
processed fraction of a vegetable oil (Vegetable Oil 1400 of E. F. Drew and Co., 
derived from coconut oil, containing no added antioxidants, and having a maxi- 
mum iodine number of ten), adding the resulting mixture to a Waring blendor, 
adding two emulsifiers (Span 60 and Tween 60, Atlas Powder Co.), flushing 
the blendor with nitrogen, capping (secrew-type) the blendor and, finally, mixing 
for 2.5 to 3 min. Two such mixtures were prepared for each form of tocopherol, 
such that 0.2 g. of the mixture supplied either 1.0 or 3.0 mg. of the intended 
form of tocopherol per pound of live weight per day. The mixture for the 
1.0-mg. level of intake contained 0.5% tocopherol, 49.5% oil, 3.2% Span 60, 
28% Tween 60, and 44.0% water. Similar values for the 3.0-mg. level of intake 
were, respectively, 1.5, 48.5, 3.2, 2.8, and 44.0%. The proportion of emulsifiers 
to the oil were those suggested by Tober and Autian (36). 

The quantity of vitamin supplements fed each calf for the particular seven- 
day period was calculated from the two previous seven-day increases in weight. 
The tocopherol supplement, as described above and previously weighed, was 
incorporated into the milk replacer just prior to the morning feeding, whereas 
the vitamin A supplement was weighed the previous afternoon and at that time 
incorporated into the dry milk replacer. 

Observations. All calves were observed three times during the day for scours 
and other disorders. Secours, if accompanied by a temperature of 103° F. or 
more, were treated with sulfamethazine (Lederle’s Sulmet) intravenously, at 
the rate of 26.3 g. per 100 lb. live weight, followed by oral administration at a 
rate of 6.5 g. per 100 Ib. live weight for an additional two-day period. 

The average maximum barn temperature was 65 + 5° F. and the average 





minimum temperature was 53 + 2° F. Average light exposure, from incandes- 
cent sources for 12-hr. periods daily, was 7.8 + 0.8 foot-candles. 

Dry milk replacer was weighed to the nearest 10 g., the water added to the 
dry milk replacer to the nearest 0.1 lb., the tocopherol supplement weighed to 
the nearest 0.1 g. and the vitamin A supplement to the nearest 1.0 mg. Live 
weights were recorded on successive seven-day periods during the experiment. 
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Blood samples were obtained by jugular puncture the day prior to tocopherol 
supplementation and seven and 14 days later for plasma tocopherol, carotenoids, 
and vitamin A determinations. Each calf was placed in a metabolism crate for 
feces collection on the 12th day of tocopherol supplementation. Feces were 
collected four times during the subsequent 24-hr. period, weighed at each collec- 
tion to the nearest gram, placed in glass jars, and held at 38° F. The total 24-hr. 
collection was thoroughly mixed and a sample of approximately 50 ¢&. placed in 
a small glass jar and held at 0° F. for subsequent analysis for tocopherol. 

At slaughter, which was upon completion of the 14th day of tocopherol sup- 
plementation, the liver and heart were removed. Each was weighed, ground 
thoroughly in a Hobart vegetable chopper, subsampled, and the samples held at 
0° F. for subsequent tocopherol analysis, and the liver for carotenoids and 
vitamin A analyses. 

Analyses. The total tocopherol concentration of plasma was determined as 
previously cited (30), but included removal of sterols by crystallization from 
methanol at —18° C. (iv) and column chromatography (9, 35) on floridin 
(Florex X XS, 60-90 mesh) prior to paper chromatographic analysis. The deter- 
mination of total tocopherol concentration of liver. heart, and feces was also 
the same as cited previously (30) but included, as for plasma, the removal of 
sterols by crystallization from cold methanel (16). 

Alpha- and gamma-tocopherol concentrations were determined by one-dimen- 
sional reverse-phase partition paper chromatography essentially as described 
by Eggitt and Ward (16). In this procedure alpha-tocopherol is separated from 
the other forms of tocopherol; however, gamma-tocopherol is not separated from 
beta- and zeta-tocopherols. The presence of beta- and zeta-tocopherols with 
gamma was not anticipated to be of considerable importance in this study, 
because all other dietary variables were held constant, except level of intake of 
either alpha- or gamma-tocopherol. Known standards of D,a-tocopherol and 
b,y-tocopherol determined by this procedure gave percentage recoveries with 
standard deviations of 94 + 8 and 94 = 3, respectively. Percentage recoveries 
were obtained by determining total tocopherol before and after chromatography 
(sum of the fractions) and these were for plasma, liver, heart, and feces, re- 
spectively, 91 + 23, 84+ 12, 87 +6, and 96+ 12. Precision for the paper 
chromatographic procedure (standard deviation) based on duplicate samples 
were, respectively, for alpha and gamma in plasma, 26 and 16 y per 100 ml. 
For liver, similar values but in log y per 100 ¢., were 0.03 and 0.02, for heart 
0.03 and 0.04, and for feces, in y per 100 g., 3 and 3. 

In the determination of the color response produced by the Emmerie-Engel 
reaction to total tocopherol or to the alpha or gamma forms, a 22-sec. reaction 
period was used. This was based on an experimentally determined reaction 
period in which the color response to both alpha- and gamma-tocopherol resulted 
in equivalent linear density increases per y of tocopherol concentration. The 


22-sec. value is essentially in agreement with the 20-sece. value given by Lehman 


(25) 
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Plasma and liver carotenoid and vitamin A concentrations were determined 
as previously cited (30). 

An analysis of the milk replacer (dry) in duplicate, essentially as for tissue, 
gave a total tocopherol value of 27 y per gram. Eighteen per cent of the total 
tocopherol was in the alpha form, 56% in the gamma (plus beta and zeta) form, 
and 26% undetermined. Due to possible loss of tocopherol during storage, the 
tocopherol supplements were analyzed periodically during the experiment. The 
supplements (eight batches) containing the alpha form were found on the basis 
of colorimetric estimation by the Emmerie-Engel reaction to contain 104.7 
6.2% of the tocopherol gravimetrically added and similar values for the sup- 
plement (11 batches) containing the gamma form were 102.3 + 4.8. The vitamin 
A supplement contained 109,874 y of vitamin A (alcohol) per gram, determined 
by procedures cited previously (22). 

The statistical analysis (3, 33) consisted of isolating variation due to treat- 
ments and calves within treatments. The treatment variability was further 
broken down into a set of orthogonal single degree of freedom contrasts as 
customarily used in two-dose parallel line assays (3). Since it has been observed 
(21, 30) that the variability of tissue tocopherol concentration increases with 
an increase in intake, liver and heart tocopherol concentrations were trans- 
formed to their respective logarithms (Base 10) so that constant variability 
could be assumed for analysis of variance procedures and for tests of statistical 
significance. 

RESULTS 

Feed consumption, health, and growth. Although a few refusals of whole 
milk occurred during the first few days on experiment, none was observed 
during tocopherol supplementation. Per cent days free of scours during sup- 
plementation averaged 87. The individual calf percentages transformed to their 
respective aresin \/ percentage were subjected to analysis of variance and the 
differences among treatments were found not to be significant. Only one calf 
required treatment with sulfamethazine for scours. This calf, fed the 3.0 mg. 
intake of alpha-tocopherol, also exhibited dermatitis and some alopecia; however, 
the data from this calf were not rejected after testing by the procedure outlined 
by Bliss, Cochran, and Tukey (4). 

Qn the day prior to supplementation, the average initia! weight with its 
standard deviation per animal in pounds was 120+ 11. During the 14-day 
tocopherol supplementation period, the average gain in pounds was 12 + 4. The 
gains in live weight were found not to be significantly related to source of 
tocopherol or level of tocopherol feeding. 

Tissue tocopherol concentrations (Table 1). The total tocopherol concentra- 
tions of plasma during supplementation were higher in those calves fed the 
alpha form than in those fed the gamma form. The linear rates of increase of 
plasma total tocopherol concentration on log tocopherol intake did not differ 
hetween the two forms, and the combined data resulted in a linear regression 
coefficient of 551 + 88 y of plasma total tocopherol per unit log intake of either 
form. Similar findings were apparent when comparisons were made on the 
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TABLE 1 
Effect of form of tocopherol fed on tocopherol tissue concentrations * 


Tne _ s aka f — . av) 
Tocopherol intake (mg/Ilb live wt/day Standard 
Alpha-tocopherol Gamma-tocopherol deviation 

per calf 








1.0 3.0 1.0 3.0 
Plasma 
Initial value ” . ——(y/100 ml.)- 
Total tocopherol 93 124 108 85 22 
Alpha 69 77 52 39 20 
Per cent of total 74 (60) ° 63 (52) 48 (44) 45 (42) ( 9) 
Gamma 5 14 7 15 9 
Per cent of total 6( 8) 10 (19) 8 (13) 18 (21) (14) 
Supplementation period av. 
Total tocopherol 415 654 219 506 74 
Alpha 375 596 79 148 80 
Per cent of total 91 (73) 90 (72) 36 (37) 29 (33) ( 5) 
Gamma 19 16 129 328 30 
Per cent of total 4 (11) 2¢ 9) 59 (50) 65 (54) ( 3) 
Liver ‘ —- ——- —(g.J— ——-—- 
Weight 1,112 1,073 989 1,037 116 
Total tocopherol yt toe, j; —__ —____ 
Actual 1,133 1,500 380 913 
Log 3.05 3.18 2.57 2.96 0.04 
Alpha 
Actual 1,069 1,402 187 590 
Log 3.03 3.15 2.23 2.71 0.18 
Per cent of total“ 94 (77) 94 (76) 49 (45) 62 (53) (17) 
Gamma 
Actual 34 32 156 306 
Log 1.45 1.45 2.18 2.42 0.22 
Per cent of total“ 3 (10) 2( 8) 41 (40) 36 (36) ( 8) 
Heart ‘ — — — (9.)———___——————_- — 
Weight 393 365 334 347 56 
Total tocopherol (¥/109 g.J— ore eee Pe ae 
Actual 1,126 1,492 717 1,262 
Log 3.05 2:37 2.85 3.10 0.06 
AJpha 
Actual 1,071 1,435 329 525 
Log 3.02 3.15 2.49 2.70 0.12 
Per cent of total“ 95 (78) 96 (78) 45 (42) 43 (41) ( 6). 
Gamma 
Actual 28 21 361 72 
Log 1.07 1.14 2.54 2.84 0.50 
Per cent of total“ £6 F) r¢ §) 51 (46) 56 (49) t 


“Values represent three calves per tocopherol intake grouping. 
"Values obtained from samples the day prior to tocopherol supplementation. 
“ Values represent tissue concentration after 14 days of tocopherol supplementation. 


“Per cents based on actual concentration rather than on log basis. 


* After transformation to the aresin V percentage. 
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basis of the individual forms; i.e., alpha-tocopherol plasma concentration of 
those calves fed the alpha form, versus gamma-tocopherol plasma concentration 
of those calves fed the gamma form. The combined linear slope equaled 440 + 
102. The relative value * of the gamma form to the alpha form based upon total 
tocopherol concentration in plasma was 49%, with 95% confidence limits be- 
tween 25 and 75. When expressed as the alpha-tocopherol concentration in 
calves fed alpha-tocopherol, to gamma-tocopherol concentration in calves fed 
gvamma-tocopherol, the relative value was 26%, with limits between 4 and 52. 

The total tocopherol concentrations in the liver at the termination of the 
14-day tocopherol supplementation period followed the same general trends as 
those for plasma. However, those calves fed the alpha form in contrast to those 
fed the gamma form stored considerably greater amounts in the liver. Based 
on previous data (20, 30), the functional relationship between tocopherol intake 
and tissue response was assumed to be linear when expressed as log tissue 
tocopherol concentration against log intake. The common slope for total to- 
copherol liver concentration for log y of tissue tocopherol per 100 g. per log 
unit change (milligrams of tocopherol per pound of live weight per day) in 
intake was 0.54. The slopes for the responses to the two forms of tocopherol 
were statistically different, with that for alpha with its standard error equal 
to 0.26 + 0.07 and that for gamma, 0.82 + 0.07. Although the validity of the 
relative value of the two forms was questionable because of lack of parallelism 
between the responses, the gamma form was calculated to be 22% as effective for 
total liver tocopherol storage when compared to the alpha form. The linear 
rates of change for the two forms, expressed in terms of concentration of that 
form, were for alpha 0.25 + 0.25 and for gamma 0.52 + 0.25 and combined 
0.38 + 0.18 and the relative value of gamma to alpha was found to be 1%. 

The functional relationship between heart tocopherol concentration and 
tocopherol intake was assumed to be the same as for liver (21). No significant 
difference was found between slopes of alpha- and gamma-tocopherol, and the 
common slope for log y of tocopherol per 100 g. per unit log intake of tocopherol 
was 0.38 + 0.07. The regressions for both alpha- and gamma-tocopherol intake, 
calculated on the basis of the concentration of the individual tocopherol forms 
in heart tissue, were also found to be parallel with a common slope equal to 
0.45 + 0.12. The relative value of the gamma form to alpha, based on total 
tocopherol concentration in the heart, was 44%, with 95% confidence limits 
between 12 and 123. The value based on the storage of the specific form fed 
was 13%. 

Apparent absorption of tocopherol (Table 2). All data presented here were 
for the 12th day on tocopherol supplementation. The apparent absorption of 
the gamma form of tocopherol was slightly greater than the alpha form, with 
the relative value of gamma to alpha, as calculated by parallel-line bioassay 
procedures, equal to 104%, with 95% confidence limits between 80 and 139. 
Similar values using the data for the specific forms of tocopherol were 107 and 


‘The relative value was determined by parallel-line two-dose factorial bioassay pro- 
(4). 
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between 76 and 155. After chromatographic analysis, only a small part of the 
feces tocopherol was found to be different from the form of tocopherol fed in 
the supplements, and this difference was probably due to tocopherol present in 


the milk replacer. Unexpectedly, the percentage apparent absorption was 


slightly greater at the higher levels of intake than at the lower (P < 0.10). 


TABLE 2 
Effect of ferm of tocopherol fed on apparent absorption of tocopherol * 


Tocopherol intake (mg/Ib live wt/day ) Standard 
Alpha-tocopherol Gamma-tocopherol deviation 

of a calf 
1.0 3.0 1.0 3.0 


Intake ” —(mg/calf/day)———————_ 
Total tocopherol 138 395 
Alpha 2 


Gamma 


» 


133 


Outgo 
Feees tocopherol cone. UY 
Total tocopherol 97 
Alpha 7 
Gamma : So 
omen ; _.” imemoanaes 


Feces wt. 503 





——/(mg/calf/day) 


Total tocopherol +8 


Alpha 3 


Gamma 


Absorbed tocopherol 
Total tocopherol 
Alpha 


Gamma 


Apparent per cent absorption 
of tocopherol 
Total tocopherol 61 
Alpha 38 (38 30 (33 


69 


Si) » 


Gamma yy 3 


‘Values represent 24-hr. balance data for the 12th day of tocopherol supplementation 
and three calves per tocopherol group. An exception was that only two calves were included 
in the data for the 1.0-mg. intake gamma-tocopherol group. One calf had severe diarrhea 
during its one-day collection period, which made impossible quantitative fecal collections. 

"Including that in the milk replacer fed each calf. 


Aresin VY percentage. 


Vitamin A and carotenoids (Table 3). Inappreciable changes were observed 
in plasma carotenoids other than a slight decrease across all treatments, due 
to the low carotenoid content of the milk replacer diet. Liver carotenoid con- 
centrations were found to be unrelated to treatment. The vitamin A concentra- 
tions in plasma and liver (adjusted values) were slightly higher for averages 
across both intakes in calves fed gamma-tocopherol than in calves fed alpha- 


tocopherol. 
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TABLE 3 
Effect of form of tocopherol on carotenoids and vitamin A concentrations in plasma and liver * 
Tocopherol intake (mg/lb live wt/day) 


Standard 
deviation 
1.0 3.0 1.0 33 of a ealf 


Alpha-toeopherol Gamma-tocopherol 





Plasma carotenoids 
Initial value 
Supplementation period 


Plasma vitamin A 
Initial value 
Supplementation period av. 
(Adjusted supplementation 
period av.” 





Liver 
Weight 





Carotenoids 
Actual 
Log 

Vitamin A 

Actual 
Log 


Adjusted log” 


2.68 
7 


‘Values represent three calves per tocopherol intake grouping. 

" Adjusted by covariance (33) for initial plasma vitamin A values. 

Values represent liver concentration after 14 days of tocopherol supplementation at 
the indicated levels and vitamin A at 12 y per pound of live weight per day for the same 
period. 


DISCUSSION 
The relative value of the various forms of tocopherol based on tissue con- 
centration has not been reported for the bovine. However, a study (14) with 
calves, using essentially the same techniques for the determination of the rela- 
tive availability of total tocopherol from two sources, has been reported. The 
values obtained from this experiment, particularly those based on total tissue 
tocopherol concentrations, are generally higher than those reported for small 
animals. The relative value of gamma to alpha determined by mammary transfer 
in the cow, which was 28%, is within the range of values obtained in this study. 
In the present experiment, the relative value of gamma- to alpha-tocopherol 
was given on the basis of three dependent criteria (i.e., plasma, liver, and heart 
and different estimates were obtained. Also for each criterion, the values were 
calculated in terms of the storage of total tocopherol or in terms of the storage 
of the specifie tocopherol form fed. The latter measure in every case gave values 
lower than those determined on the basis of total tocopherol. These differences 
were due in part to a higher concentration of alpha-tocopherol in calves fed 
vamma-tocopherol than gamma-tocopherol concentration in calves fed alpha 
tocopherol. The measurement of the specitie form in the tissue by paper chro 
Inatography was biased, in that the band containing the gamma form, which 
had been separated from alpha-tocopherol, also contained the beta and zeta 


forms of tocopherol (assuming these forms were present). However, it was 
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expected that beta- and zeta-tocopherol would make up only a small percentage 
of the total tocopherols in the basal ration (milk replacer) and that these small 
amounts would contribute essentially the same tissue concentration for all calves. 

A third way to report the results for tissue storage criteria would be to 
ealeulate the storage which was contributed by the respective supplement. 
Assuming the previous body stores and storage due to tocopherol in the milk 
replacer to be represented by the constants, C. and Cy, the tissue storage due 
only to the particular supplement can be caleulated by subtracting C, from the 
mean alpha-tocopherol tissue response, subtracting Cy from the mean gamma- 
tocopherol tissue response, and calculating the relative value in the usual way. 
The (, would be obtained from the alpha-tocopherol tissue concentration of 
ealves given gamma-tocopherol and the C» obtained from calves given alpha- 
tocopherol. However, to estimate the previous stores of one form of tocopherol 
from an animal receiving the second form would require strict independence 
between the two forms. This condition was not satisfied, since greater alpha- 
tocopherol tissue concentrations were found in those calves fed gamma-tocoph- 
erol at the 3.0-mg. intake than in those fed the 1.0-mg. intake. In addition, 
when gamma-tocopherol was fed, the plasma alpha-tocopherol values increased 
considerably over the initial levels. Since gamma-tocopherol has been reported 
26) in vivo to be a better antioxidant than alpha-tocopherol, and because the 
alpha form is more readily stored, high levels of gamma-tocopherol may have 
allowed a greater portion of the dietary alpha-tocopherol (i.e., that in the milk 
replacer) to accumulate in the tissues as well as protecting alpha-tocopherol 
already stored within the tissues. Evidence (32, 34) with radioactive labeled 


tocopherol points to an absorption-resecretion cycle in which a large proportion 


of absorbed tocopherol is resecreted unchanged into the stomach. During the 
absorption process, alpha-tocopherol would be absorbed with the gamma-tocoph- 
erol. In the resecretion cycle a larger proportion of the gamma-tocopherol 
would be passed back into the alimentary tract while the tissues were selectively 
removing alpha-tocopherol from the blood. 

Since no tocopherol balance studies with ruminants were found in the 
literature, comparisons between this study and similar studies all involve differ- 
ent species of experimental animals. The value obtained for per cent apparent 
absorption in this experiment averaged 67 for both alpha- and gamma-tocopherol 
(no significant difference between forms of tocopherol) and is in reasonable 
agreement with recent data obtained with the chick (27). Oxidation of tocoph- 
erol in the feces sample would cause the estimate of apparent absorption to be 
biased in favor of greater absorption. Therefore, the 67% value may be too 
high due to exposure of feces to air (feces collections were made only four 
times during a 24-hr. period). The greater antioxidant activity of gamma- 
tocopherol may explain the unexpected equal apparent absorption values obtained 
on alpha- and gamma-tocopherol. A greater loss of gamma-tocopherol due to 
oxidation would make the absorption appear greater. 
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ESTIMATES OF GENETIC PARAMETERS OF SOME FUNCTIONS OF 
PART LACTATION MILK RECORDS! 


L. D. VAN VLECK anp C. R. HENDERSON 
Department of Animal Husbandry, Cornell University, Ithaca, New York 


SUMMARY 


Estimates of repeatability of monthly milk records and functions of monthly milk 
records were obtained from the within herd regression of a second record on the preceding 
record trom the reeords of 2,358 Holstein cows in 226 New York herds. Highest 
repeatability estimates of monthly records were for the 5th, 6th, and 7th mo. of 
lactation. The estimates of repeatability of cumulative production increased with 
advance in the stage of lactation. Repeatability estimates of bimonthly records were 
nearly as large as estimates for complete yield. 

Heritability estimates and estimates of genetic correlations obtained from a paternal 
half-sib analysis of the records of 1,526 daughters of 145 A. IL. sires followed the same 
patterns as the estimates of repeatability. These results indicate that temporary en- 
vironmental conditions are more important during first and last stages of production 
than during the middle stages, when genetic and permanent environmental differences 
between cows provide relatively more control over production. 

The high genetic correlations between some functions of monthly records and total 
vield indicate that genetic progress by selection of A. I. sires on the basis of these 
funetions may be nearly as rapid as by selection on the basis of total yield. If generation 
time can be decreased or selection intensity increased by the use of part records, then 
genetic progress may be more rapid with selection based on part records than with 
selection on complete yield, 


Knowledge of genetic and phenotypic parameters is necessary for the utilization 
of modern animal breeding procedures in selection programs. Part lactation records 


appear to have an important position in dairy cattle selection—both for sire evalua- 


min 


tion and culling of cows from the herd. The purpose of this study was to estimate 
ate. 


heritabilities, repeatabilities, and the genetic and phenotypic relationships between 
monthly test-day data and between monthly test-day data and the sum of ten test- 
day records, in order to determine genetic progress possible if selection is on the 
basis of part records relative to selection based on complete records. 


DATA 

The D.H.1.A. records used for the estimation of phenotypic correlations were 
from 9,036 Holstein cows in 374 herds in five New York counties. Genetic correla- 
tions and heritabilities were estimated from the records of 1,526 cows sired by 145 
A.I. sires. Ten monthly test-day records were available for each cow’s lactation, 
beginning with the Ist mo. of lactation and ending with the 10th mo. The sum of 
the ten test-day records was regarded as a complete lactation record. The sample 
of monthly test records was obtained from November, 1957, through December, 
1959. The monthly records were corrected for age at calving and season of calving 
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with ratio factors developed by VanVleck and Henderson (14). Repeatabilities 
were estimated from the records of 2,358 cows having two complete lactation 
records in 226 herds. 
ANALYSIS OF DATA 

The phenotypic correlations were computed from estimates of components of 
variance and covariance obtained from within herd analyses of variance and covari- 
ance of the functions of monthly test-day records and complete lactation records. 
Repeatability estimates were obtained from the within herd regression of a second 
record on the first recorded record. Genetic correlation estimates were computed 
from sire components of variance and covariance obtained from between and within 
sire analyses of variance and covariance of the functions of monthly and complete 
lactation records expressed as deviations from their contemporary (herd) averages. 
The linear functions of monthly records are those described by VanVleck and 
Henderson (15). 

Since deviations were used, the analysis procedure followed that given by 
VanVleck et al. (16). The underlying model was assumed to be: 


Yin = w+ he + 9; + ein (1) 


Where y;;. is the age and season corrected record of the k” daughter of the 7” 
sire in the 7“ herd, 
is the fixed underlying population mean, 
h; is the effect due to the 7“ herd, 
s; is the effect due to the j sire, and 
é;. is a random error associated with the ijk“ record. 


The A,, s;, and e;;, are assumed to be independently distributed and to have 
. 9 9 9 . rm: . 

zero Means and variances a7, o?, and 9, respectively. This is the random model 
(Model II) of Eisenhart (3). In terms of the model (1) the herd average associ- 
ated with an observation, y;j,, may be written as 

n jk N jk 

8; + > Sr C ijk + Cirm 
r=] 


a - r=1 
HA =ethit Nj + 1 + Nik + 1 


where n, is the number of stable-mates associated with the k“ observation within 


the )“ sire group. The deviation from herd average can now be written in terms 
of the model (1) as: 
Nik 


8, 


a N jk )s _ _ rel ; ( Re } Seal 
d jx aa ( N jk + | °i Nik + l 7 Nik a l ) ” 


To obtain estimates of o? and o?, the usual sums of squares for the one-way 
classification analysis were computed and equated to their expectations, as de- 
scribed by Henderson (8) for the random model. The following assumptions were 
made to simplify the expectations of the sums of squares: 

(1) Each observation is from a different herd, i.e., a herd appears only once 

in an analysis, 
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(2) no sire included as a sire group appears as a sire of any stable-mate, and 
(3) no sire is the sire of more than one stable-mate, i.e., Nix different sires are 
sires of the stable-mates associated with an observation. 


Obviously, these assumptions do not strictly apply to this problem, but it is felt 
that the error involved by the data not fulfilling the assumptions will be small. 
The sums of squares usually computed are the total sum of squares, 


nj 8 d; “ ] 2 
P ? , ‘e , : a. -_ 
> > d’,, the sire sum of squares, Zz , and the correction factor, —~- The 
ik nj; V 
1 k=l j=1 4 
dot notation signifies summation over a subscript, 7 , is the number of observations in 
the j“ sire group, s is the number of sires, and NV is the total number of observa- 
tions. The expectations of the sums of squares are given in Table 1. The coefficients 


TABLE 1 


Expectations of sums of squares of deviations from herd averages 














Parameters 
Sum of squares —— — ee 
2 2 
C. Cc 
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r 2 8 y 8 n 
2 a ‘ > i as oi io ss ow _ thik 
~ a (Lik . ind ad - a a2 ee 
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of the parameters are not the usual ones. If the usual estimation procedure for the 
one-way classification model is followed, the resulting estimates must be adjusted 
for these coefficients. Actually, the expectation of 


s nj 8 


é. = (> Ldn — 2 d..) (N — 8) 


j=1 k=l j=l nj 
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The k’s correspond to the coefficients of the parameters given in Table 1. Unbiased 
estimates of o? and o? can be obtained by equating the biased estimates, é? and 6, 
to their expectations and solving for the parameters, o? and o?. Henderson (8) has 
pointed out that the properties of such estimates are unknown except that they 
are unbiased. The estimation procedure described above was used to estimate 
the sire and error components of variance for monthly records and functions of 
monthly records. 

Estimates of heritability may be obtained from the estimated components. 


« 


The usual within-herd estimate is obtained from the intraclass correlation as 


2 
h= ae 5. This procedure assumes that likeness between individuals in a 
sire group is due to genetic reasons. Actually, this estimate is not comparable to 
estimates obtained from daughter on dam regression. This fact has been pointed 
out by Dunbar and Henderson (2) and again by Heidhues et al. (7). The estimate 
of the sire component is smaller than would be expected, because the population 
of sires consists only of those used in artificial insemination. This group of sires is 
not as variable as the population of all possible sires. The estimate of the sire com- 
ponent, therefore, is reduced. The estimate of the error component is not reduced. 
The error component is associated with the daughters which are part of the entire 
population of cows on D.H.I.A. central processing. The estimates of sire com- 
ponents are, however, appropriate for the purpose of estimating genetic progress 


possible by selection among the A.I. sires. These estimates of genetic variances 


are not suitable for estimating genetic progress possible by selection practiced on 
cows. Genetic variances and covariances used for this purpose shouid be estimated 
from daughter-dam analyses. 

Estimates of genetic correlation can be obtained from the sire components of 
variance and covariance by a method described by Hazel (6). For example: 


); is an estimate of the genetic correlation between traits 
i and / or in the present situation between production in months 7 and j. The sire 
component of covariance between traits 7 and 7 is a, ,,, and o%, and o? , are the sire 
components of variance for traits 7 and j, respectively. 

The rate of genetic progress in genetic merit for complete lactations when 
selecting A.I. sires on the basis of part records of their daughters relative to using 
whole records is 

r > 
pe Vi» where Yo,o¢ 18 the genetic correlation between whole and part 
Vh, ig 
records, h, is the heritability of part records, and h, is the heritability of complete 
records. This procedure is used by Lerner and Cruden (9) for poultry data and 
Madden et al. (10) for dairy records. 

Definitions. The expression sequential test-day data, which will be used later, 

refers to a set of successive monthly test-day records of a cow. In this study, the 
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possible sequences are limited to sets having the last records of a lactation missing. 
such as first and second; first, second, and third; and so on up to all ten records; 
or having the first records missing, such as the tenth and ninth; tenth, ninth, and 
eighth; and so on until all ten are included. The functions of the sequential sets 
are weighted sums of these records. The weights were determined by VanVleck 
and Henderson (15) from the within herd multiple regression of 10-mo. vield on 
the various sequential sets of records. 

Bimonthly and trimonthly testing combinations also are examined. Bimonthly 
Set One includes the test-day records of the Ist, 3rd, 5th, 7th, and 9th mo. of lacta- 
tion. Bimonthly Set Two includes alternate test-day records from the 2nd to the 
10th mo. Trimonthly Set One includes the Ist, 4th, and 7th test-day records; 
Set Two, the 2nd, 5th, and 8th; and Set Three, the 3rd, 6th, and 9th. 

Cumulative refers to the sum of combinations of test-day records, such as the 
sum of the first two, three, or four test-day records; the sum of the last two or three 
test-day records; or the sum of bimonthly or trimonthly test-day records. 


RESULTS AND DISCUSSION 
Repeatabilities. Repeatability estimates were obtained from the regression of a 
second record on a first record. First and second records refer to sequence and not 
necessarily to the lactation number. The estimates for monthly records are shown 
in Table 2. Repeatability of single test-day records increased with stage of lactation 


TABLE 2 


Repeatability and heritability estimates of monthly test-day records 


Month of lactation 
1 2 3 4 5 6 7 Ss 9 10 


Repeatability 


Milk 0.38 0.39 0.41 0.44 0.48 0.50 0.47 0.42 0.35 0.25 
Fat 0.30 0.31 0.35 0.38 0.41 0.44 0.41 0.40 0.33 0.26 
Heritability 
Milk 0.11 0.17 0.22 0.19 0.19 0.15 0.14 0.14 0.12 0.08 

Fat 0.19 0.1 


3 0.15 0.07 0.16 0.10 0.08 0.08 0.10 0.07 


until the 6th mo., then declined. This pattern indicates that the beginning and end 
months of a lactation are subject to more temporary environmental variation than 
the middle months. The end months are influenced even more by temporary en- 
vironmental conditions than the beginning months. The middle months of lactation 
are evidently influenced more by genetic and permanent environmental differences 
between cows than months on either end of the lactation. These results are contrary 
to those reported by Madden et al. (10), who found permanent differences between 
cows to be more important early in lactation and less important as the lactation 
progressed. This difference in results may be due to different management practices 
being followed in the herds composing the two samples of data studied or to differ- 
ences in age-correction factors. Searle (13) described the opposite trend for New 
Zealand Jersey milk fat records. Repeatability increased with stage of lactation. In 
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the New Zealand data, however, records of cows which failed to produce milk in the 
later stages of lactation were not included in the estimation of repeatability for 
those months. This difference in procedure may account for the different trend 
obtained in the present analysis, or the seasonal nature of New Zealand dairy pro- 
duction may be the cause of the difference. The repeatability values are about the 
same magnitude as those obtained by Searle (13) and Madden et al. (10). 


TABLE 3 


Repeatability, heritability, and genetic correlation with total yield estimates of 
cumulative monthly test-day records 


Cumulative month of lactation—last months missing 


2 3 a 5 6 7 
Repeatability 
0.46 0.49 0.50 0.51 0.52 0.53 0.54 
0.38 0.42 0.45 0.47 0.48 0.49 0.50 0.50 
Heritability 
0.17 O21 0.22 0.22 0.22 0.22 0.22 
0.17 0.17 0.16 0.18 0.17 0.16 0.16 


Genetic correlation 
0.83 0.89 0.92 0.94 0.97 0.98 0.99 1.00 


Cumulative month of lactation—first months missing 


Ss é 6 é 4 3 2 


Repeatability 
0.34 0.40 0.45 0.49 0.52 0.52 0.51 0.51 
0.34 0.40 0.45 0.48 0.50 0.50 0.49 0.49 


Heritability 
0.11 0.14 0.16 0.18 0.19 0.21 0.22 
0.10 0.11 0.11 0.13 0.15 0.15 7 


Genetic correlation 
0.81 0.84 0.89 0.90 0.94 0.97 0.99 


tepeatability estimates of cumulative monthly production (Table 3) show an 
upward trend with the advance of lactation until the 8th or 9th mo. of lactation. 
The repeatabilities of the 8- and 9-mo. accumulations of milk yield are 0.54, as 
compared to the slightly lower figure of 0.53 for the 10-mo. yield. The increasing 
trend is in agreement with Gaines (4) and Gifford (5), whose correlation estimates 
for progressive accumulations of monthly yields increased as the lactation advanced. 
An opposite direction was observed by Madden et al. (10), who found a decrease 
in repeatability of cumulative monthly records as the accumulation extended 
through the lactation. The repeatability estimate of total yield (0.53) is similar 
to the 0.51 reported by Madden ef al. (10), the 0.59 of Castle and Searle (1) for 
milk fat, and the 0.50 of Rendel et al. (12), although the value of 0.75 by Searle (13) 
for milk fat is greater. The repeatability estimate of cumulative 6-mo. yield is 
slightly higher than that found by Mahadevan (11) for 180-day yield. 

The estimates of repeatability of cumulative monthly records when the first 
monthly records of the lactation are missing are also presented in Table 3. The 
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upward trend with increasing information is again evident, although the values 
are lower than for an equivalent number of cumulative months from the beginning 
of the lactation. These lower estimates tend to substantiate the argument that the 
ast months of the lactation are influenced more by temporary environmental 
conditions than the first months. 

The repeatability estimates of the linear functions of monthly records used for 
extending records [see VanVleck and Henderson (15) for these functions] are shown 
in Table 4. The estimates are very similar to those for cumulative production and 
show the same upward trend with an increase in information. 


TABLE 4 


Repeatability, heritability, and genetic correlation with total vield estimates of linear 
functions of sequential test-day data—milk production 





Sequential months—last months missing 





l 2 3 + 5 6 7 Ss 9 10 


Repeatability 





0.38 0.44 0.47 0.49 0.51 0.52 0.53 0.53 0.53 0.53 
Heritability 
0.11 0.18 0.22 0.22 0.2% 0.21 0.21 0.21 0.23 0.23 
Genetic correlation 
O.S9 0.81 0.92 0.94 0.97 1.00 0.99 1.00 1.00 1.00 
Sequential months—first months missing 


10 9 8 7 6 5 4 3 2 l 


Repeatability 


0.25 0.36 0.438 0.49 0.52 0.53 0.52 0.50 0.51 0.53 
Heritability 
0.08 0.12 0.15 0.16 0.19 0.20 0.21 0.23 0.22 0.23 


Genetic correlation 
0.71 0.91 O.S7 0.94 0.92 0.98 0.99 1.00 1.00 1.00 


Bimonthly and trimonthly test records have only slightly smaller estimates of 
repeatability than complete records. The estimates for linear functions and cumula- 
tive data are approximately the same as shown in Table 5. The relatively high 
repeatability estimates of bimonthly and trimonthly records indicate that selection 
of cows to produce another record on the basis of bimonthly or trimonthly records 
will be nearly as accurate as selection based on total yield. 

Heritabilities. The variance ratio, heritability, was estimated from a paternal 
half-sib analysis by the procedure described earlier. The estimates for monthly 
records are given in Table 2. The fat and milk estimates are not in agreement, 
especially for the Ist and 4th mo. The heritability estimates for monthly fat pro- 
duction are lower than for milk, with the exception of the first month. The trend 
of the heritability estimates for milk is similar to the trend of repeatability estimates, 
except that the maximum heritability comes earlier in the lactation than does the 
maximum repeatability. The first and last months of the lactation appear to be 
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TABLE 5 
Repeatability, heritability, and genetic correlation with total yield estimates of linear functions 
of sequential and cumulative bimonthly and trimonthly test-day data—milk production 


Sequential function Cumulative 


Bimonthly Trimonthly Bimonthly Trimonthly 
set set set set 
3 1 
Repeatability 
0.48 0.48 0.53 0.50 0.53 0.49 
Heritability 
0.21 0.19 0.24 0.25 0.19 0.21 0.19 0).24 


Genetic correlation 
0.98 1.01 1.00 1.00 0.99 0.97 1.00 1.90 


less influenced by genetic differences between cows than the middle months. The 
estimates obtained by Madden et al. (10) from a daughter-dam analysis, although 
not strictly comparable, do not exhibit the same trend. Their estimates were 
approximately equal for all months except for the last two, which were much lower 
than the others. Searle (13) reported estimates from both a daughter-dam analysis 
and a half-sib analysis. A trend was not noticeable in his estimates. The half-sib 
estimates were of the same magnitude as those shown in Table 2. 

An upward trend, parallel to that observed for repeatability, for heritability 
estimates of cumulative milk production is shown in Table 3. The estimates of 
Madden et al. (10) are lower for cumulative production in the middle months than 
for early or late months. The heritability estimates of cumulative production for 
the situation where the last months are missing and for the situation where the 
first months are missing are also given in Table 3. The parallelism of the repeat- 
ability and heritability trends of cumulative production indicates that the per- 
manent environmental differences between cows are relatively constant, with in- 
creasing accumulation of production as the lactation progresses. 

The linear functions of sequential monthly milk production generally have 
heritability estimates of the same magnitude as the corresponding cumulative pro- 
duction. These estimates appear in Table 4. 

The heritability estimates of the first bimonthly set are the highest found for 
any function of the monthly records. The estimates (0.25) are the same for both 
the linear function and the cumulative bimonthly record. The other estimates vary 
about the value for total vield and are presented in Table 5. The estimates for 
bimonthly and trimonthly records suggest that sire evaluation based on bimonthly 
or trimonthly test-day records would be as effective as evaluation based on monthly 
testing. 

Genetic correlations. Variance and covariance components from the paternal 
half-sib analysis were used to estimate genetic correlations. Table 6 shows the 
estimates of genetic and phenotypic correlations of individual monthly vield with 
total yield and among the monthly test-day milk records. The genetic relationships 
between monthly records and total yield are apparently high. The pattern follows 
the trend for repeatabilities and heritabilities of monthly records. The middle 
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TABLE 6 
Genetic and phenotypic correlation estimates of monthly test-day data and 
total lactation yield—milk production* 
Month of lactation 

ae Total 
} 5 6 é s Q 10 
1.00 0.94 0.96 0.91 0.74 0.82 0.69 0.65 0.16 0.89 
0.60 0.92 0.86 0.80 0.58 0.55 0.43 0.50 0.24 0.79 
0.53 0.80 0.96 1.00 O83 0.91 0.70 0.74 0.42 0.94 
0.50 0.72 0.82 1.01 0.90 0.98 0.70 0.71 0.45 9.95 
0.46 0.61 0.69 0.79 0.98 1.02 0.82 0.94 0.67 1.01 
0.41 0.55 0.62 0.71 0.82 1.03 0.97 1.15 0.97 0.98 
0.33 0.48 0.56 0.64 0.73 0.83 — 1.03 1.00 0.78 0.99 
0.25 0.36 0.45 0.52 0.60 0.67 0.78 1.00 0.98 OSS 
0.14 0.25 0.30 0.36 0.42 0.48 0.57 0.77 — 1.08 0.94 
0.06 0.17 0.22 0.24 0.27 0.32 0.39 0.55 0.75 ~ 0.71 

0.58 0.76 0.81 O.S85 0.85 O85 O.S3 0.78 0.66 0.53 


Entries above the diagonal are genetic correlations. Entries below are phenotypic correlations. 


months are highly correlated genetically with total production. The correlation 
estimates range from a high of 1.01 in the 5th mo. down to 0.79 in the 2nd mo. 
and 0.71 in the 10th mo. Evidently, some genes which influence early and late 
production do not also influence total yield, although most of the genes for produe- 
tion influence monthly yield as well as total vield. The high genetic correlations 
of the middle months with total vield, together with the relatively high heritabilities 
of production for these months, suggest that selection on the basis of a record of 
the 5th or adjoining months may increase genetic merit for total vield almost as 
much as selection on total yield. If the generation interval for both methods was 
the same, the increase could not be as fast for selection on part records as on total 
vield, but if the use of an early monthly record reduces the generation interval, 
then more progress may possibly be made by selecting on a single monthly record 
than on a complete 10-mo. record. Madden et al. (10) estimated the genetic correla- 
tions of monthly yield with total vield to be greater than unity, except for the 
Ist mo., which was less than one. Although the estimates were greater than the 
upper limit for correlations, they follow the same pattern as those found in the 
current study. The half-sib estimates obtained by Searle (13) are similar to those 
given in Table 6 and follow the same trend. 

The genetic correlations among monthly records are, as expected, near unity 
for adjacent months and decrease with increase in time between the records. For 
example, the estimate of the genetic correlation between the first and last months 
is only 0.16 and between the second and last 0.24. The estimates of genetic correla- 
tions are much smaller in the report by Searle (13), but the pattern is similar. 

The estimates of phenotypic correlations, also shown in Table 6, follow the 
same pattern as the genetic correlations, but are always smaller. 

The genetic correlations between cumulative monthly records and total vield, as 
estimated from the data, are shown in Table 3. The pattern is again the same as for 
heritabilities and repeatabilities of cumulative production. The estimates become 
larger with an advance in stage of cumulative production. The estimates obtained 
for the linear functions of sequential monthly records shown in Table 4 follow the 
same trend as for cumulative production, but the values are slightly higher. 
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The advocates of bimonthly testing are again justified by the genetic correla- 
tions of 1.00 or near unity for linear functions of bimonthly tests or for cumulative 
bimonthly records with total yield. The trimonthly records also appear to have 
genetic correlations of near unity with total yield. These estimates of genetic cor- 
relations appear in Table 5. 

Genetic progress. The goal of the animal breeder is to increase the genetic merit 
for total vield. If this supposition is true, then the amount of progress towards 
that goal by selection of A.I. sires based on an alternative procedure using part 
records relative to selection based on total yield of daughters can be measured 

‘ . Wag Vhp , , F : , , 
by the relationship —2--.-—_ provided that the intensity of selection is the same 
Vh. 
for both procedures. Table 7 presents the relative progress possible by selection 


TABLE 7 
Genetic progress in complete lactation yield possible by selection based on functions of part 
lactation records relative to selection based on complete lactation yield—imilk production“ 


Month of lactation 


l 2 3 + 5 6 


Single month 0.61 0.67 0.92 0.87 0.92 0.80 76 0.68 
Function of 

sequential 

months 0.61 0.71 0.90 0.92 0.97 0.96 0.96 1.00 
Cumulative 

months 0.61 0.71 0.83 0.88 0.92 0.95 0.96 0.97 1.00 1.00 





“If the genetic correlation estimate was greater than 1.00, 1.00 was used to compute relative 
genetic progress. 


on the basis of single monthly records, of a linear function of sequential months, 
and of cumulative monthly production. If the genetic correlation estimate was 
greater than unity, the value 1.00 was used in the formula. The single 3rd or 5th 
mo. would provide 92% as much progress as total yield. The linear function of 
the first 5 mo. would be 97% as effective, and the cumulative 6-mo. yield 95°% as 
effective, as the 10-mo. total. The use of more than 9 mo. information does not 
seem warranted. If the generation time can be reduced, or if selection intensity can 
be increased by selecting A.I. sires on the basis of the 5- or 6-mo. records of their 
daughters, then genetic progress may actually be more rapid than progress made 
by selecting on the basis of complete yield. 

Genetic progress by selecting on bimonthly or trimonthly records relative to 
selection on total yield is relatively high. The use of the first bimonthly set (either 
linear function or cumulative) for selection would allow more rapid progress for 
total yield (1.04) than selection of sires based on total yield of their daughters. 
The other set of bimonthly records is not as good (0.92) relative to total yield. 
The third trimonthly set of records appears to be slightly more effective (1.02) 
than total yield for improving genetic merit for complete lactation production. 
The other two sets of trimonthly records are not as good (0.93) as total yield for 


purposes of selection. 
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CONCLUSIONS 


tepeatability and heritability estimates of monthly records increased with 
stage of lactation until the 5th or 6th mo., then declined. This suggests that the 


first and last months of a lactation are more subject to temporary environmental 


variation than the middle months, and that the middle months of lactation are 
influenced more by genetic and permanent environmental differences between cows 
than the beginning or end months. 

Estimates of repeatability and heritability of cumulative monthly records in- 
crease with an advance in stage of lactation. The parallelism of the increases indi- 
cates that the permanent environmental influences on a cow’s production are 
relatively constant for accumulated production and that the genetic differences 
between cows play a more important role for cumulative production as stage of 
lactation increases. 

Relatively high estimates of heritability and repeatability of bimonthly records 
indicate that a bimonthly testing procedure may be valuable if costs must be 
reduced. The genetic correlation estimates of near one for bimonthly records indi- 
cate that selection of A.I. sires on the basis of bimonthly records for complete yield 
may be superior to selection on the basis of the total vield of their daughters. 

The high genetic correlations of the middle monthly records with total yield sug- 
gest that the same genes influence middle monthly production and total yield, but 
the lower genetic correlations of the beginning and end months with total yield sug- 
gest the possibility that although some of the same genes affect production at the 
ends of the lactation and total yield other genes affect early and late production. 

The high genetic correlations between functions of monthly production and 
total vield and the relatively high heritability estimates of the functions of monthly 
data would allow genetic progress by the selection of A.I. sires on the basis of part 
records to be nearly as rapid as selection based on complete records. 
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REGRESSION FACTORS FOR EXTENDING PART LACTATION 
MILK RECORDS 


L. D. VAN VLECK anp C. R. HENDERSON 
Department of Animal Husbandry, Cornell University, Ithaca, New York 


SUMMARY 


Regression factors for extending part lactation milk records are developed from the 
within herd analysis of age-at-ealving and season-of-calving corrected monthly test-day 
records of 9,036 Holstein cows in 374 herds in five New York counties. The best single 
months for estimating a complete lactation are the 4th, 5th, and 6th mo. The correlation 
between the predicted record and the complete record is 0.85 for testing in the 4th, 5th, 
or 6th mo. If sequential monthly tests are used for prediction, the multiple correlation 
of the first five monthly tests with complete lactations is 0.92, for 6 mo. 0.94, and for 
7 mo. 0.96. Factors developed from the cumulative test-day production are only slightly 
less accurate. The correlation of the sum of the first seven monthly tests, with total 
production, is 0.95. Regression factors are also developed for extending monthly records 
by the use of multiple factors and cumulative months when the first monthly records 
of a lactation are missing. Bimonthly tests when extended with multiple regression 
factors are highly correlated with total lactation yield. The multiple correlations for 
both bimonthly testing possibilities are 0.98. Estimates based on cumulative bimonthly 
test records are also highly correlated (0.98) with complete yield. The best two tri- 
monthly testing possibilities have multiple correlations of 0.96, with complete lactations. 
The correlations between cumulative trimonthly tests and complete yield ranged from 
0.92 to 0.96. Bimonthly testing appears to be satisfactory for use, since the accuracy 
of prediction is extremely high and since the cost of a bimonthly testing program should 
be much lower than the existing once-a-month programs. 





The desirability of utilizing all available information for sire evaluation 
has increased the importance of monthly test-day records. Incomplete records 
when extended to a complete equivalent can be used together with complete 
records to estimate the genetic merit of sires. Records which are extended may 
be those not yet complete, in order to obtain preliminary evaluations, or those 
which are incomplete because of cows leaving the herd or being removed from 
the testing program prior to completion of the records. Simple regression 
factors for extending records may be based on single-month records or on 
cumulative monthly records. Multiple regression factors may be developed from 
the regression of complete yield on all available monthly records. Another 
use of regression factors may be to reduce testing and computing costs in the 
processing of D.H.I.A. records by estimating complete lactation records from 
bimonthly or trimonthly test-day records. The purpose of this study was to 
estimate within herd regression factors for extending incomplete records for 
each of the systems and to investigate the possibility of bimonthly or trimonthly 
testing. 

DATA 

The D.H.I.A. milk records used in this study were from 9,036 Holstein cows 

in 374 herds in five New York counties. Ten monthly test-day records were 


Received for publication October 6, 1960. 


1085 





1086 L. D. VAN VLECK AND C. R. HENDERSON 


available for each cow’s lactation, beginning with the Ist mo. of lactation and 
ending with the 10th mo. The sum of the ten test-day records which made up 
a cow’s record was defined to be a complete lactation record. The sample of 
monthly test records was obtained from November, 1957, through December, 
1959. The monthly records were corrected for age at calving and season, with 
the ratio factors described by VanVleck and Henderson (9). 


ANALYSIS AND CONSTRUCTION OF REGRESSION FACTORS 
The sums of squares and cross-products used ir the normal equations were 
computed on a within herd basis, i.e., the coefficient matrix consisted of within 
herd sums of squares and cross-products. The right-hand sides of the normal 
equations were within herd sums of cross-products. The criterion for deter- 


mining the accuracy of prediction was the multiple correlation coefficient. The 
correlation coefficient rather than the square of the correlation coefficient was 
chosen, because progress due to selection is proportional to the correlation 
coefficient. The square of the correlation coefficient, however, may actually be 
more appropriate if the only purpose is to predict total vield, since it measures 
the amount of variability in the complete lactation vield which is accounted 
for by the monthly records or by cumulative monthly records. The standard 


errors of the regression coefficients also were computed. 


RESULTS AND DISCUSSION 
The means of the monthly test-day records and the sum of the ten means 
for cows calving at 72-77 mo. of age in Season 1 are shown in Table 1. These 


TABLE 1 
Means of monthly test-day records for cows calving at 72-77 mo. of age in Season 1 
(December-March) 
Month 
4 5 6 9 10 Total 
56.4 53.6 49.5 45.5 40.5 34.3 27. 18.2 11.8 394.3 
2.00 1.84 7 1.56 1.41 1.21 1.00 0.68 0.44 14.11 


are the base means to which the other monthly records were age- and season- 
adjusted. These means or combinations of them are used in some of the examples 
which are presented later. To obtain estimates of actual monthly production 
the test-day means can be multiplied by 30.5, which is the number of days in 
the average D.H.I.A. month. 

The interest in regression factors for predicting total lactation yield from a 
single monthly test-day record is mostly academic, since more accuracy can be 
obtained by using all available monthly records. These regression coefficients, 
the standard errors of the coefficients, and the correlations between the monthly 
records and the complete record are given in Table 2. The best months for 
predicting a complete record are the 4th, 5th, or 6th mo. of lactation. They 
account individually for 72% of the variation in total records. The correlation 
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TABLE 2 


Regression factors for estimating total lactation yield from a single monthly test record * 


Month of lactation 


1 2 3 4 5 6 7 8 9 10 


4.40 4.97 5.35 6.12 6.62 6.84 6.99 6.37 5.15 3.70 


0.07 0.05 0.04 0.04 0.04 0.05 0.05 0.05 0.06 0.06 


0.57 0.75 0.81 0.85 0.85 0.85 0.83 0.78 0.66 0.53 


. . » +s A . . . >: 
‘bh is the regression coefficient, ¢» is the standard error of the regression coefficient, and 
? is the correlation coefficient between the predicted and actual value. 


between any of the three and a complete record is 0.85. Gaines (4) reported 
that the 5th mo. was most accurate, as did Cannon et al. (3). Madden et al. (6) 
also presented data which indicated the 5th mo. was most accurate, but that 
the 4th, 6th, and 7th mo. were nearly as accurate. The correlations with com- 
plete yield were approximately 0.93. The poorest month for prediction is the 
10th, which accounts for only 28% of the variation of complete records. The 
Ist and 9th mo. are only slightly better predictors, accounting for 33 and 44% 
of the variation, respectively. 

The use of these regression coefficients is illlustrated by an example of 
predicting a complete record from the age- and season-corrected fifth test-day 
record. The general form of the prediction equation is 


y = p, + b; (X; — X;) where 
y is the predicted record (age- and season-corrected ), 
uw, iS the herd mean of age- and season-corrected complete records, 
b; is the regression coefficient associated with the i month of lactation, 
Y,is the age- and season-corrected test-day record for the 7‘ month of 
lactation. 
XY; is the age- and season-corrected herd mean of records of the i‘’ month of 
lactation, and 
As an example, suppose that the age- and season-corrected herd averages are 
the means given in Table 1, and that the record of the cow on the fifth test day 
was 65.5 lb. of milk. Then 
y = 394.3 + 6.62 (65.5 — 45.5) = 526.7. 
Multiplied by 30.5, the extended 305-day record is 16,164 lb. of milk. 
The prediction equations for estimating a complete lactation from m sequen- 
tial monthly records are of the form 
7 m ad 
Y= py + 3b; (X¥,— X;) where 1 < m < 10. 
t=] 
The regression coefficients for the sequential monthly records are presented in 
Table 3, along with the multiple correlation coefficients. As expected, the 





1088 L. D. VAN VLECK AND C. R. HENDERSON 


TABLE 3 


Regression factors for estimating total lactation yield from sequential test-day data 


Sequen- Monthly regression coefficients 
1 : : j ‘ 10 R“ 


tial 
months 


4.40 0.57 
1.46 4.21 0.77 
1.16 1.40 3.70 0.84 
0.96 0.94 1.46 3.60 0.88 
0.74 0.90 1.20 1.51 3.36 0.92 
0.72 0.88 1.15 1.14 1.40 2.96 0.94 
0.82 0.96 1.04 1.00 1.06 1.14 2.78 0.96 
0.88 1.06 1.04 0.93 0.90 0.97 0.93 2.61 0.98 
9 0.95 1.02 1.05 0.97 0.97 0.97 1.01 0.95 1.89 0.99 
10 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 


Vik wloe 


5 | 





“R is the multiple correlation coefficient between the predicted and actual value. 


inclusion of additional monthly records increases the accuracy of prediction. 
The use of the first three monthly reeords is not as accurate as using only 
the 4th, 5th, or 6th records (see Table 2). The accuracy of prediction, however, 
increases quite rapidly up to the 5th or 6th mo. The multiple correlation for 
the linear function of the first 5 mo., with the sum of all 10 mo., is 0.92, for 
6 mo. 0.94, and for 7 mo. 0.96. 

Suppose, in our example, that the first five monthly age- and season-adjusted 
records of a cow are 77.1, 76.4, 73.6, 69.5, and 60.5 lb. of milk, respectively. Now 


y = 394.3 + 0.74 (77.1 — 57.1) + 0.90 (76.4 — 56.4) + 1.20 (73.6 — 53.6) 
+ 1.51 (69.5 — 49.5) + 3.36 (60.5 — 40.5) = 548.5. 


Multiplying as before by 30.5, the predicted record is 16,729 llb. of milk. 


Similar regression factors for the situation when the first months may be 
missing, as often is the case when herds enter central processing, are given in 
Table 4. Now the prediction equations have the form 

; 10 “as 
Y=py + S BW (X; — Xi) where 10 > n | 1. 
=n 


TABLE 4 


Regression factors for estimating total lactation yield from sequential monthly test-day 
records when Ist mo. are missing 
— Monthly regression coefficients 
tia . ; 
months : : + 


R 

10 
3.70 0.53 
0.48 0.66 
5.5% ot 0.81 0.79 
1.55 .67 0.90 0.87 
4.00 1.69 a 1.00 0.91 
1.67 1.19 0.90 8% 1.04 0.94 
1.22 0.97 0.85 92 1.02 0.97 
1.95 1.18 0.88 0.92 i 0.94 0.98 
1.41 1.04 3 1.07 0.94 1.01 9S 0.94 0.99 
1.00 1.00 1.00 1.00 1.00 + 1.00 1.00 
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More practical for extending records would be the extension of cumulative 
monthly test-day records. Fewer regression factors are needed, and most 
central processing centers carry forward cumulative production records rather 
than monthly records. These factors are given in Table 5 for cumulative records 
when the last months of lactation are missing, and in Table 6 for cumulative 


TABLE 5 
Regression factors for estimating total lactation yield from cumulative test-day records 
Cumulative month of lactation 
1 é 3 + 5 6 7 8 9 


4.40 2.96 2.16 1.74 1.51 1.34 1.22 1.13 1.06 
0.57 75 0.82 0.87 0.90 0.93 0.95 0.97 0.99 


TABLE 6 


Regression factors for estimating total lactation yield from cumulative test-day records 
when Ist-mo. records are missing 


Cumulative month of lactation 





10 9 8 7 6 5 4 3 2 


3.70 2.49 2.08 1.86 1.66 1.48 1.33 1.18 1.07 
0.53 0.63 0.73 0.81 0.87 0.92 0.95 0.98 0.99 





records when the first months of lactation are missing. The prediction equations 
for the former situation have the form 
j - | 
Y=p, +b; & (X; — Xi) where 1 < j < 10 and 
1=1 
b; is the regression coefficient associated with the first 7 months of cumulative 
production. The latter situations have the prediction equations 


10 = 
JY=p, +b, 3S (X, — Xi) where 1 < k < 10 and 
i—11—k 


b, is the regression coefficient associated with the last k months of cumulative 
production. The cumulative part records are almost as accurate for predicting 
a total yield as the corresponding multiple regression prediction equations. 
Six cumulative months have a correlation with total yield of 0.93 versus 0.94 
for the multiple correlation of six monthly records with total yield. 
Bimonthly and trimonthly tests have been proposed by Gifford (5), McDowell 
(7), MeKellip and Seath (8), and Alexander and Yapp (1) as methods of 
testing which would reduce the time and cost of testing. Regression factors 
were developed for these cases. The multiple factors for the two bimonthly 
possibilities are given in Table 7. The factors for cumulative bimonthly pro- 
duction are shown in Table 8. Both sets of bimonthly multiple factors have the 
same accuracy. The multiple correlations with complete lactations are very 
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TABLE 7 


Regression factors for estimating total lactation yield from sequential bimonthly and 
trimonthly test-day records 


Month of lactation 
Monthly - R 
set : ‘ ‘ j ; ¢ 10 

0.98 

1.34 0.98 
0.94 
0.96 
0.96 


TABLE 8 


Regression factors for estimating total lactation yield from cumulative bimonthly and 
trimonthly test-day records 


Bimonthly set Trimonthly set 


1 


1.96 


close to unity (0.98). The equivalent accuracy is fortunate, since all a bimonthly 
tester would need to know is whether a cow was in the Ist or 2nd mo. of lacta- 
tion on the initial test day. Information forwarded to the records processing 


center would be the bimonthly set ( 1 or 2) for the cow and her bimonthly 
test-day records. The cumulative bimonthly factors are only slightly less 
accurate than the multiple factors. The correlations of the cumulative bi- 
monthly tests with complete yield are equal to the correlations associated with 
the multiple regression equations to the first two decimal places. This high 
correlation with complete yield has also been reported by Bayley et al. (2), 
MeKellip and Seath (8), and Gifford (5). In practice, the cumulative procedure 
would be more adaptable to central processing of records, since all such pro- 
grams are geared to the accumulation of test-day information. 

The trimonthly multiple factors are less accurate than the bimonthly fae- 
tors. These factors are presented in Table 7, the factors for cumulative tri- 
monthly records in Table 8. Either the second or the third set of multiple months 
appears to be the best of the trimonthly possibilities. Each set has a correlation 
with complete records of 0.96. The second set, however, would be finished 
earlier in the lactation. The first set, which includes the Ist mo. of lactation, 
has a correlation of 0.94 with complete lactation. The best of the cumulative 
trimonthly testing possibilities is the second set, which has a correlation of 
0.96 with complete lactation. A system utilizing trimonthly testing appears to 
warrant consideration, especially for records processing centers which are just 
beginning and which must reduce costs to a minimum in order to continue. 
The slight increase in accuracy of the multiple regression equations over the 
eumulative trimonthly records does not appear enough to warrant the use of 
them instead of the easier-to-use cumulative records. 
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The nature of within herd regression equations poses a problem to the 


application of regression factors for the estimation of complete lactation records 


by records processing centers. This problem is not a serious handicap to the 
utilization of multiple factors by farmers who keep their own records. Herd 
averages for complete lactation records and for monthly records are necessary 
for the application of the regression equations. The difficulty of obtaining such 
averages appears to be substantial and may overcome the advantage of fewer 
test periods. Another difficulty is the necessity of adjusting the monthly records 
for age at calving and season of calving, since the number of correction factors 
required is very great. If regression estimates can be obtained ignoring herd 
effects which are nearly as accurate as the within-herd regression estimates, 
then bimonthly or trimonthly testing would be satisfactory for use in testing 
programs. 
CONCLUSIONS 

The use of the first six or seven monthly records rather than 10-mo. records 
seems to warrant some consideration, since the multiple correlations with the 
complete records are 0.94 and 0.96, respectively, for the six and seven monthly 
records. Cumulative 6- and 7-mo. records are only slightly less correlated with 
complete records—the corresponding correlations being 0.93 and 0.95. The 
cumulative factors are easier to work with and cumulative production is ecur- 
rently used by central processing centers; therefore, it seems more practical 
to use these rather than the multiple factors, even though the multiple factors 
are slightly more accurate. 

If only a single test-day record can be obtained, any of the 4th, 5th, or 6th 
mo. of lactation would be the best time to test a cow. The correlation of those 
monthly records with a complete record is 0.85. Prediction of complete records 
from a single monthly record, however, does not appear accurate enough to 
warrant consideration as a practical method of testing. 

Incomplete records which have missing monthly records early in the lactation 
can be extended to a complete basis by the use of multiple factors or cumulative 
factors. Extension of such records seems desirable, since all possible informa- 
tion should be used for the purpose of evaluating A.I. sires. During periods 
of rapid expansion of central processing many more records would become 
available for sire evaluation. 

The use of bimonthly tests seems to deserve consideration both for central 
processing of records and for sire evaluation, since either set of bimonthly tests 
has a multiple correlation of 0.98 with complete records. The correlations of 
cumulative bimonthly tests with total yield are also 0.98. In some situations 
when costs are important, trimonthly tests may be useful. The best sets of tri- 
monthly tests have multiple correlations with 305-day lactations of 0.96. 
Cumulative bimonthly and trimonthly test records are slightly less accurate 
for the prediction of total lactation yield than estimates based on multiple 
regression equations of bimonthly and trimonthly records, but may be more 
suitable for use, since records processing centers can more easily adapt to the 
use of cumulative records. 
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SUMMARY 


Monthly Dairy Herd Improvement Association test-day records (177,575) of Holstein 
cows from five New York counties whose records were available in the central processing 
laboratory were classified according to age at calving (60 classes), season of calving 
(three seasons), and month (stage) of lactation (10 mo.). An unweighted squares of 
means analysis showed all effects and interactions except the three-way interaction to 
be significantly different for both milk and fat production. Ratio factors constructed 
from these means (1) to adjust monthly records to a common age and season, (2) to 
predict total production from a single month, and (3) to estimate total production from 
cumulative monthly production also were analyzed. Differences between factors for 
milk and fat as well as between age, season, and month effects were evident. Significant 
differences between interaction effects indicated the desirability of constructing ratio 
factors while simultaneously considering age at calving, season of calving, month of 
lactation, and whether the record is milk or fat. 





Analyses of monthly decords to derive prediction equations for total lacta- 
tion yield from linear functions of monthly test-day records, or to estimate 
genetic parameters of functions of monthly test data, require the adjustment 
of these records for age at calving and season-of-calving effects. The need for 
age-correction factors for total lactation yield has been recognized by many 
investigators, Kendrick (10), Beardsley (1), Lush and Shrode (14), and Clark 
(3). Other reports, Cannon (2) and Frick et al. (5), have indicated a require- 
ment for season-of-calving adjustments. The only report of correction factors 
for monthly records is by Searle (17), who developed factors to correct for 
age in years at calving and for first month on test for Jersey cows in New 
Zealand. Madden et al. (15) used correction factors for monthly data derived 
from 305-day lactation yields, but found them most suitable only for the middle 
months of the lactation. Ratio factors for correcting monthly records for age 
and season effects can be formed from the ratio of some base average to the 
mean for a particular age, season, and month (stage) of lactation. 

Monthly means can also be used to derive ratio factors for extending part 
lactation records to a complete record equivalent from a single monthly test or 
the sum of monthly tests. One method of constructing extension factors is to 
obtain, within an age at calving and season of calving group, the ratio of 
average total vield to the average of a particular monthly test or sum of the 
averages of monthly tests. This procedure is analogous to Method A of Lush 
and Shrode (14), who computed multiplicative age-correction factors by the 
gross comparison method from contemporary records. 


Received for publication September 6, 1960. 


1093 








1094 L. D. VAN VLECK AND C. R. HENDERSON 


The purpose of this study was to develop ratio factors, (1) to adjust monthly 
test-day data for age and season effects, (2) to extend to a complete lactation 
yield equivalent (the sum of ten monthly test records) single monthly test 
records, and (3) to extend to a complete lactation yield basis cumulative 
monthly test-day records; and also to determine the importance of age, season, 
month of lactation, and fat or milk differences in the construction of these factors. 


DATA 

test-day records of Holstein cows from five New York counties in herds which 
were on central processing. This sample was taken from November, 1957, 
through December, 1959. The records were classified according to age at calving 
and season of calving of the cow making the record, and month (stage) of 
lactation in which the test data were reported. Milk and fat production were 
classifified separately. The cows were divided into 60 age groups. The groupings 
are as follows: less than 24 mo., l-mo. intervals from 24 up to 72 mo., 6-mo. 
intervals from 72 up to 132 mo., and equal to or more than 132 mo. of age at 
calving. The season classes are those used in New York, where Season 1 is 
December through March, Season 2 is April through July, and Season 3 is 
August through November. Month or stage of lactation was determined by 
equating the first test-day record to the first month of lactation, the second 
test-day record to the second month of lactation, and so on up to the tenth test- 
day record to the 10th mo. of lactation. The first record had to be obtained less 
than 50 days after the beginning of the lactation or it was considered as a 
later stage of lactation. If a test-day record was missing from the middle of a 
lactation, all of the lactation was discarded. If no milk was produced in the 
last months of a lactation, zero production was recorded for those months. All 
test-day records beyond the 10th mo. of the lactation were discarded as were the 
test-day records associated with incomplete lactations. Total yield was defined 
to be the sum of the first ten monthly test records of a lactation. Actual 305-day 
vield may be estimated by multiplication of this sum by 30.5. Tyler and 
Chapman (20) suggested that the first ten-test day values be multiplied by 
30.5 to obtain an estimate of 305-day yield. They obtained correlations of 0.99 
with actual yield and with the usual D.H.I.A. procedure. 


ANALYSIS AND CONSTRUCTION OF RATIO FACTORS 

The milk means of the 1,800 subclasses and the fat means of the 1,800 
subclasses were analyzed separately by an unweighted analysis of means pro- 
cedure. The residual variance in each analysis was determined as the difference 
between the total sum of squares and the subclass sum of squares divided by 
the appropriate number of degrees of freedom. Sums of squares of the 1,800 
means were computed according to the usual balanced three-way classification 
analysis, where all effects are considered fixed. The expectations of the mean 
squares are given in Table 1. These mean squares are not suitable for hypothesis 
testing unless they are adjusted. The adjustment factor which must be multi- 


plied by the mean squares is 
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1 abe 
ke, Pe a b c 
y y S 1 


i=1 j=1 k=1 Mijn 


where a is the number of age classes, b is the number of seasons, c is the number 
of months, and n;;, is the number of observations in the ijk subclass. The 
adjusted mean squares can now be tested against the residual variance. It 
should be noted that these tests are not exact, since the numerators of the F 
ratios are distributed as noncentral Chi-square, because the means are not 


weighted by amount of information. 


TABLE 1 


Expectations of mean squares of an unweighted analysis of means“ 








b 
Source df. E (M:S.) 
2 be 2 2 
Age (A) oot koe + —~ & Aj 
a—l i=1 
7 ’ 2 ac 2 
Season (B) b-—1 ko. + —— = B; 
b-1 j=l ; 
Month (C) c—1 kooe + © sc 
c—1 k=l 
(A) X (B) (a—1) (b—1) ; c “ S ! 
kooe + = = (AB);; 


(a—1) (b—1) back Gost 





(A) X(C) (a—1) (e—1) 2 b ae 2 
koe + — —— = J (AC)ix 
(a—1) (c—1) sar ker 
(B) X(C) (b—1) (c—1) 2 a b ¢ P 
kooe + ——————-~- 2  & (BC) jx 
- (b—1) (c—1) joi rai ” 
ene li i ait ee ee 
(a—1) (b—1) (e—1) car jai kai 
Residual N—abe oe 





“The residual variance was estimated unbiasedly from the difference of the total sum of 
squares and the smallest subclass sum of squares divided by degrees of freedom. 


¢ b c 
bd. ae ee oe 
ke =— & — 
GDC jut jai kai Nijk 


Ratio factors for adjusting monthly test-day records to a common base were 
obtained by dividing the means of a base lactation (72-77 mo. of age at calving 
and calving in Season 1) by the other lactation means. An example would be 
9 


the ten monthly factors for an age of 24 mo. and Season 2 at calving which are 
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XxX 50, 1, 1 X 50, 1,32 X 50, 1, 10 4 - 
q e008 =, where X Mi Bde ce eg Y 30. 1. 10 
X _ > X 2, 2,2 X 3..3. 19 
are the ten monthly test-day means of the base lactation and Yeo21, ..., 


Xs 2 1 are the means of the ten monthly test-day records of cows calving at 
24 mo. of age (Age Group 2) in Season 2. 

Factors for predicting a 10-mo. cumulative test-day record from a single 
test-day record were obtained for each age-season subelass by dividing the sum 
of the ten monthly means of the age-season subclass by the monthly means of 
the age-season subclass. For example, 


T 30, 2 T 30, 2 T 20, 2 10 . 
re i a where T 30. => 3 2 30, 2. i 
X30, 2, 1 X30, a X 20, 2,10 =] 








are the ratio factors for extending a l-mo. test-day result to a complete record 
fer cows calving in Age Class 30 in Season 2. Similarly, ratio factors were 
constructed for estimating a 10-mo. cumulative test-day record from cumulative 





test-day data of 1, 2,..., 10 records. For example, 
T 20, 2 T'20, 2 T'20, 2 
ws Ce ea 10 
= X 20, 2, 4 = X 20, 2, 4 > x 20, 2, i 
=) =] = 


are the cumulative ratio factors for Age Class 20 and Season 2. 

These three sets of ratio factors were then analyzed according to a balanced 
four-way classification analysis, where the classifications were type of pro- 
duction (milk or fat), age at calving, season of calving, and month of lactation. 
To obtain an estimate of the error variance, age classes were paired so that each 
subelass contained two ratio factors. The pairing of adjacent age classes 
reduced the number of age classes to 30. The adjacent factors would be 
expected to be similar, but if they were not the estimated error variance could 
be increased, which could reduce the power of the tests. 

In the interpretation of the results of the analyses it should be remembered 
that herd differences have been ignored. It is well known that herd differences 
account for a high proportion of the variance of production records. The 
computational difficulty of analyzing the records on a within herd basis is 
large. Most of the subelass numbers would be zero or one. The purpose of the 
study, however, was not to estimate differences in production means due to age 
or season but to estimate the significance of differences in ratio factors due to 
age, season, or stage of lactation. There is little evidence to indicate that herd 
effects account for a high proportion of the variance of ratio factors. Lamb 
and MeGilliard (12) have reported herd effects to be nearly zero for ratios of 
total vield to test-day records. Fritz et al. (6) have shown the same to be true 


for regression coefficients which are used to predict total yield from test-day 
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records. A Canadian study by Hickman (7) showed that age correction by 
regression of yield on age at calving on a within herd basis is only about 1% 
more efficient than the regression ignoring herds. Searle and Henderson (18) 
recently reported that age factors related to level of herd production developed 
from an iterative regression procedure are only slightly different from con- 
ventional multiplicative factors. 


RESULTS AND DISCUSSION 
The analyses of variance of the fat and milk means are given in Table 2. 
It is well known that production is different from month to month of a lactation. 
This fact is emphasized in the present study by the large F values for month 
of lactation. The expected age and season differences also are evident. Sta- 
tistical tests for interactions between these factors are usually not made, 





TABLE 2 
Analysis of variance of monthly means 
Milk Fat 
Source (Lf. Adj. M.S.* ae Adj. M.S." pF 
Age (A) 59 14,676.93 92.34 16.85 74.56 
Season (S) 2 46,290.98 291.25 49.38 218.51 
Month (M) 9 1,343,345.77 8,451.90 1,671.18 7,394.60 
(A) X (8) 118 1,104.17 6.95 1.50 6.65 
(A) X (M) 531 1,101.52 6.93 1.79 7.94 
(S) X (M) 18 29,927.90 188.30 33.76 149.40 
(A) X (8S) X (M) 1,062 158.19 1.00 0.23 1.00 
Residual 175,775 158.94 0.23 
“The mean squares computed from the means were multiplied by the adjustment factor, 
abe 
52.91, to make them comparable to the residual mean squares. 
a ) Cc l 
v v cutee 


» All F values significant at the 1% level, except the (A) * (S) X (M) mean square. 


although reports of some investigators indicate that such interactions exist. 
Frick et al. (5) found that differences between yields of cows calving in the 
most favorable and least favorable month became greater with increasing age 
at calving. These differences are actually a season-by-age interaction. Mahadevan 
(16) reported differences in persistency due to both season and age of calving. 
The difference in persistency due to season is a season-by-month-of-lactation 
interaction and the difference due to age is an age-by-month-of-lactation inter- 
action. Reports by Lamb and MecGilliard (11) and (12) and by Madden et al. 
(15) have stressed the differences between the lactation curves of cows under 
3 yr. of age and those older than 3 yr. of age at calving. 

All the interactions except the three-way interaction appear to be important, 
as can be noted from Table 2. The test for age-by-month interaction measures 
statistically the difference in persistency of cows at different ages. The statis- 
tical interpretation of a significant interaction mean square is the failure of 
the differences between levels of one factor to be the same for all levels of 
the other factor. An example from the data of an age-by-month interaction is 
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graphically demonstrated in Figure 1. The shape of the lactation curve for 
the younger cows is much flatter than the shape of the curve for the older cows. 

An age-by-season interaction is pictured in Figure 2. Adjacent months of 
age at calving do not show this effect, but a change from young ages to older 
ages changes the ranking of the seasons for production on the third test day. 
The difference between production in Season One and Season Three becomes 


greater with increasing age from 2 yr. up to 6 yr. 
60| 
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Fig. 1. Example of age-by-month interaction. 
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(A) Cows 72 mo. of age at calving and calving in Season 1. 
(B) Cows 24 mo. of age at calving and calving in Season 1. 


The season-by-month interaction which has large F values associated with 
the test of its mean square is demonstrated in Figure 3. It is easily apparent 
that lactation curves for a constant age are different from season to season. 
Woodward (21) plotted lactation curves which approximate the shape of those 
in Figure 3 for the three seasons of calving. The lactation curve of Holstein 
cows calving in August, September, or October reported by Turner (19) is 
similar to the curve for Season 3 (August through November) in Figure 3. 

The reader should note that the examples of the two-way interactions are 
plotted for fixed values of the third variable—season in Figure 1, month of 
lactation in Figure 2, and age in Figure 3. This, however, does not imply that 
the curves will be different for other values of the third variable. Such a situa- 
tion would only exist if there was a three-way interaction. In fact, the analysis 
presented in Table 2 indicates that the three-way interaction is zero, with 


probability approaching unity. 
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The significance of the interaction mean squares indicates ratio factors should 
not be constructed to correct first for age and then for season effects. Instead, 
the factors should be developed, taking into account age and season simul- 
taneously. The development of factors for different months of lactation also 
must consider age, season, and month at the same time. 
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Fig. 2. Example of age-by-season interaction. 
(A) Production of cows calving in Season 1 at the third monthly test day. 


(B) Production of cows calving in Season 2 at the third monthly test day. 
(C) Production of cows calving in Season 3 at the third monthly test day. 


The analyses of variance of ratio factors (1) for adjusting monthly test data 
to a common age and season basis, (2) for predicting total lactations from single 
month records, and (3) for estimating total lactations from cumulative test-day 
information are given in Table 3 for the four-way classification situation. 
Table 4 presents the analyses separately for milk and fat production for the 
three sets of ratio factors. 

The factors are significantly different for milk and fat production for each 
of the three sets of ratio factors. These results are in agreement with some 
reports on factors for correcting complete records. Fohrman (4) presented 
slightly different age-correction factors for milk and fat yield for complete 
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TABLE 3 


Analyses of variance of ratio factors used (1) for adjusting monthly records, (2) for 
predicting total lactation records from single month records, and (3) for predicting 
total lactation records from cumulative monthly records 





(1) (2) (3) 

Source d.f. M.S. F M.S. F M.S. F 
Production (P) 1 0.2452 52.17" 51.9168 56.50" 0.9264 130.48* 
Age (A) 29 0.9720 206.09" 38.0409 41.40° 1.2829 180.69 * 
Season (S) 2 2.0452 435.15" 54.5538 59.37" 7.0714 995.97 * 
Month (M) 9 6.9605 1,480.96* 11,656.6776 12,685.45" 18.4568 2,599.55 * 
(P) X (A) 29 0.0068 1.44 0.1166 0.13 0.0266 3.75" 
(P) X (8) 2 0.0079 1.68 2.6704 2.9] 0.1983 27.93°* 
(P) X (M) 9 0.0622 13.23 ° 47.7602 51.98" 1.2282 172.99* 
(A) X (8S) 58 0.0746 15.87 * 4.6470 5.06" 0.0672 9.46" 
(A) X (M) 261 0.0910 19.36* 22.9191 24.94* 0.2410 33.94" 
(S) X (M) 18 1.3497 287.17° 410.6529 446.90" 0.9337 181.51* 
(P) X (A) X (8) 58 0.0020 0.43 0.0474 0.05 0.0024 0.34 
(P) X (A) X (M) 261 0.0009 0.19 0.0878 0.10 0.0067 0.94 
(P) X (S) X (M) 18 0.0095 2.02° 1.7967 1.96 “ 0.0543 7.65" 
(A) X (S) X (M) 522 0.0125 2.66* 3.9560 4.31* 0.0188 2.65° 
(P) X (A) , 

(S) x (M) 522 0.0002 0.04 0.0370 0.04 0.0011 0.15 
Residual 1,800 0.0047 0.9189 0.0071 


* Significant at the 1% level. 
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Fig. 3. Example of season-by-month interaction. 








(A) Cows calving in Season 1 at 72 mo. of age. 


(B) Cows calving in Season 2 at 72 mo. of age. 
(C) Cows calving in Season 3 at 72 mo. of age. 
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lactations, as did Hooper (8), although Cannon (2) found gross factors for 
season-of-calving corrections to be the same for milk and fat yield. Lamb and 
MeGilliard (13) have recently reported differences between factors for extending 
milk and fat records. There also is a significant production by stage-of-lactation 
interaction and a production by season-by-month interaction for all three sets 
of factors. The significant production by month interactions apparently are 
due to the differences of milk and fat lactation curves, where the production of 
fat does not decline as rapidly as does the quantity of milk during the later 
stages of lactation. Kay and M’Candlish (9) remarked that fat yield changes 
in the same direction as milk yield but at a slower rate with the advance of the 
lactation. These results imply that different factors should be used for correct- 
ing monthly records of milk and fat production to a common basis and for 
extending single or cumulative monthly records of fat and milk production. 


TABLE 4 


Analyses of variance of ratio factors used (1) for adjusting monthly milk and fat records 
to a common age and season at calving, (2) for predicting complete lactation records 
from single month records, and (3) for predicting complete lactation 

records from cumulative monthly records * 


Mean squares 


(1) (2) (3) 
Source Lf. Milk Fat Milk Fat Milk Fat 
Age (A) 29 0.5283 0.4504 19.3083 18.8491 0.4859 0.8237 
Season (S) 2 1.1536 0.8994 315.6444 241.5799 3.7810 3.4887 
Month (M) i) 3.2853 3.7374 6,541.0165 5,163.4214 600.3314 530.4648 
(A) X (S) 58 0.0383 0.0383 2.5739 2.1205 0.0327 0.0369 
(A) X (M) 261 0.0417 0.0502 11.4762 11.5307 0.0883 0.1594 
(S) * (M) 18 0.7531 0.6060 230.4896 181.9600 0.6094 0.3785 
(A) X (8S) X¥ (M 522 0.0063 0.0068 2.1164 1.8767 0.0100 0.0099 
Residual 900 0.0048 0.0045 0.9957 0.8421] 0.0070 0.0073 


4 


* All F values significant at the 1% level. 


CONCLUSIONS 

The analyses conducted in this study seem definitely to imply that ratio 
factors (1) for adjusting monthly records to a common age and season, (2) 
for estimating a total lactation from a single monthly record, and (3) for 
estimating a total lactation from cumulative monthly records must be con- 
structed while simultaneously taking into account the age at calving, season of 
calving, month of production, and whether the record is fat or milk. The 
analysis of monthly means indicates statistical differences because of age, 
season, month of lactation, and interactions between these effects. For general 
use, 3,600 factors are not practical. Six-month age intervals may be satisfactory 
and practical for use in extending records. Twenty age classes would reduce 
the number of factors to 1,200. This solution does not seem desirable for 
adjusting monthly records to a common age and season. Correcting for age 
and not season and then analyzing on a within-season basis also does not appear 
to be an adequate answer, since different factors are needed for each season, 
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as evidenced by the age-by-season and season-by-month interactions. Different 
factors are needed for fat and milk production for all three sets of ratio factors. 
Separate factors for milk and fat raise a philosophical question, since the use 


of different factors will change the fat test of the corrected or extended records. 
Milk and fat per cent could be adjusted and fat calculated or perhaps all three 
could be adjusted. The systems now used do not affect the fat percentage, since 


they are based either on milk or fat factors. 


(10 


(11) 


(16 


(17 


(19 


(20 
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ESTIMATING HERD IMPROVEMENT FROM SELECTION PROGRAMS 


S. R. SEARLE 
New Zealand Dairy Board, Wellington 


SUMMARY 


Estimates for a 15-yr. period have been derived for the mean additive genetic 
improvement in a herd’s milk fat production that is likely to be achieved from.average 
herd selection practices used in New Zealand. The estimates are obtained on the basis 
of replacing 20% of the herd annually with young stock born from the top 75% of 
the cows in the herd, 6% of the herd having been culled for low production. Estimates 
are shown of the improvement to be obtained from culling alone with just average 
replacements and from culling and selecting replacements together. Additional gains 
from using sires estimated as 30 lb. of milk fat above average, such as are available 
in artificial breeding, are also considered and shown to be approximately equal to 
those to be derived from culling and replacement selection based on the individual cow 
records provided by herd-testing. Thus, herd-testing and artificial breeding combined 
give improvements approximately double those derived from herd-testing alone. The 
upper limits to these gains and the number of years required to achieve them are 
diseussed, all such gains being relative to an initial herd level and not including any 
gains that may oceur in the whole dairy population. Estimates of production improve- 
ment are also obtained and compared with actual production increases reported in New 
Zealand as directly associated with continuous herd-testing. Mathematical expressions 
for the estimates are shown in an appendix, in terms of the underlying parameters of 
the selection programs considered. 





Herd-testing of dairy cattle provides the farmer with production records 
for each cow in his herd. These enable him to cull the lowest-producing cows 
to improve the general quality of his herd. Replacement heifers also contribute 
to this improvement, especially when they are daughters of the top-producing 
cows, and further gain is achieved if these have been sired by above-average 
bulls, such as are available in artificial breeding. The annual benefits accruing 
from these practices, used either separately or in combination, can be estimated 
from a knowledge of the culling and replacement rates practiced, and of the 
lift in production that can be expected from the bulls used. Estimable gains 
are those derived solely from improvement due to culling and selective choice 
of replacements, and do not include any improvement due to other factors 
associated with herd-testing, of the kind arising from the farmer’s increased 
interest in management factors derived from his knowledge of individual cow 
production. 

Improvement in the mean additive genetic level of the herd can be estimated 
for the three practices, culling of low-producing cows, selection of replacement 
heifers out of high-yielding cows, and breeding of replacements by proven sires. 
Production improvement can also be estimated from the culling of low pro- 
ducers, but the improvement arising from replacement heifers can only be 
estimated in terms of additive genetic merit. 

Comparisons of interest are those between herd-testing using average sires, 
no herd-testing but using the above-average sires of artificial breeding, and the 
two practices used together. These services may compete with each other for 
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the farmer of limited finance, and his decision to use one or the other can be 
guided by the genetic and production improvements which each may bring. 
These we proceed to estimate, as arising directly from the application of these 
practices, omitting all advantages that may be derived in other ways. 


GENETIC IMPROVEMENT 
Consider a herd of 100 cows, just commencing one of these farm prac- 
tices. Let gn be the mean additive genetic superiority of the cows in the 
herd n years later, over the present additive genetic level of the herd, which 
is assumed equivalent to the average of the whole population. Genetic im- 
provement can be achieved each year, both by retaining for the following 
year the cows making the better records, and by replacing the low-producing 
animals with heifers bred from the higher-vielding cows using average or 
above-average sires. Replacements brought into the herd at the start of any 
year will have been born 2 yr. previously and selected for rearing as replace- 
ments on the strength of their dam’s production records 1 yr. earlier. Thus, the 
replacement heifers brought into the herd at the start of the n‘" year will have 
been selected on the dam’s records in vear (n-3) and earlier, and the contribu- 
tion of these heifers to the improvement in the herd level will depend upon the 
proportion of them in the herd each year. Most annual replacements in New 
Zealand herds are 2-yr.-olds and constitute 20% of the herd (3), 1951. Assuming 
this fraction is constant from year to year, the mean additive genetic improve- 
ment in the herd by the n'" year, g,, is 
Gn = (80%) (improvement in cows retained from (n-1)™ year) + 20% 
(improvement from replacements selected on dam's record in (n-3)™ 
year). (A) 
More than one record will be available from many of the dams, but we will 
suppose that only records in the (n-3)' year are used for selecting replacements. 
Cows culled for low production represent some 10% of the herd in New 
Zealand in the first year of herd testing and 6% annually thereafter (3), 1957. 
Thus, 90% of the herd is not culled for low production at the end of the first 
vear and 94% annually thereafter. On the basis of a 100-cow herd, the corre- 
sponding values of the selection differential, measured in standard deviation 
units, are 0.192 at the end of the first vear and 0.124 subsequently. The differ- 
ence between the 20% replacements and the 10% (or 6%) culling on production 
represents the culling that has taken place for reasons other than low production, 
the true value of which is difficult to estimate because low production is so often 
a factor contributing to the culling of cows that have mastitis, poor milking 
qualities, and so on. These 10 and 6% figures are from survey data obtained 
from questionnaires in which farmers were asked to specify reasons for the 
culling of cows. Their use for estimating the improvement to be gained from 
such culling is, therefore, appropriate, although for comparison with herds that 
are not testing, their use would be valid only on the assumption that such herds 
cull completely at random. This is probably not true, and for comparative 
purposes the culling rates would have to be reduced. The rates as estimated 


will be used here. 
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Relative to the initial herd level in the first year, for which we take 
gi: = 0, the mean genetic superiority of the 90% of cows not culled on production 
in the first year is he, (0.192) where h is the within-herd heritability and ¢, is 
the within-herd standard deviation of production records. Taking 0.30 and 
and 65 for h and ¢,, respectively, pertaining to pounds of milk fat as in Searle 
(4), and using heritability in the narrow sense, Lush (2), the value of this 
expression is 3.744; this is the estimated mean additive genetic superiority of 
the cows not culled for low production, some of which are culled for other 
reasons, a culling which must be assumed random as far as additive genetic 
merit for production is concerned. The result is that 80% of the herd in the 
second year are cows with a superiority of 3.744 over the initial herd level. 
Thus, the estimated mean additive genetic superiority of the herd by the second 
year is 

Jo = 80% (3.744) = 2.9952. 


At the end of the second year, 6% of cows are culled on production; over and 
above their estimated superiority of go relative to the initial herd level those 
not culled have a superiority of (0.30) (65) (0.124) = 2.4180, so that the supe- 
riority of the herd by the third year is 


93 = 80% (ge + 2.4180) = 0.8 go + 1.9344. 


The cows retained from the 3rd to the 4th year are superior to the initial herd 

level by an amount gs + 2.4180. These constitute 80% of the herd in the 4th 

year, the remaining 20% being replacements bred from cows with records in 

the first year. On assuming these replacements are from average cows of that 

year with a superiority of g1, the over-all superiority of the herd in the 4th year is 
Js = 80% (gg + 2.4180) + 20% (% qi). 


The corresponding expression for subsequent years is 


Gn = 0.8 gaa + 0.1 Gy-3 + 1.9344. (1) 


Values of this expression for a 15-yr. period are shown in Column 1 of Table 1. 

The above calculations assume the annual replacements as being from average 
cows in the herd, but in practice they will usually be selected from the top- 
producing animals. Replacements from cows with known records can not enter 
the herd until the fourth year after the start of record-keeping and those for 
the first 3 yr. must be assumed of average quality. In the 4th and subsequent 
years they will come from cows having the top 75% of records (3), and to make 
allowance for losses during rearing, 22 calves have to be selected. The corre- 
sponding selection differential is 0.414 standard deviation units and the estimate 
of the mean additive genetic superiority of the cows with the top 75% of records 
is (0.30) (65) (0.414) = 8.073, over the herd level at that time, 3 vr. prior to 
their daughters being milked. The daughters which enter the herd in the n™ 
year, therefore, have a mean additive genetic superiority of 4.0365 over the 
herd level in the (-3)™ year, or % gy-, + 4.0365 over the initial herd level. 
Thus, by applying Equation (A), the estimated mean additive genetic improve- 
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TABLE 1 
Estimates, under New Zealand conditions, of the cumulative average additive genetic 
superiority to be derived in a herd from culling low producers, breeding 
replacements, and using artificial breeding 


Herd-testing 


and 
Artificial artificial 
Herd testing * breeding breeding 


Culling low 


producers 
Breeding and selecting 
Culling low replacements, replacements, 
producers using using 
Culling low and selecting above-average above-average 
No. of producers replacements ” sires ‘ sires ”' ‘ 

years (1) (2) (3) (4) 
l 0 0 0 0 
2 3 3 0 3 
3 + t 0 4 
4 6 6 3 i) 
5 7 8 5 13 
6 8 10 7 17 
7 9 il 9 20 
8 10 12 1] 23 
9 11 14 12 26 
10 12 15 14 29 
1] 12 16 15 31 
12 13 17 16 33 
13 18 17 35 
14 18 19 37 
15 15 19 19 38 


“Sires equivalent in additive genetic merit to the initial herd level. 

” Replacements selected from high-producing cows. 

“Sires with an estimated additive genetic superiority of 30 lb. milk fat over the initial 
herd level. 


ment in the herd by the n™ year, through selection of replacements from dams 
with the top 75% of records, and culling of low producers is 
Jn = 80% (Gn-1 + 2.4180) + 20% (14 gn-n + 4.0365) 


- 0.8 Yn-1 i 0.1 Yn-2 we 2.7417. (2) 


The 80% term is the contribution from culling 6% of the herd for low produe- 
tion, as in the derivation of Equation (1), and the 20% term is the contribution 
from the selecting of replacements from the cows that had the top 75% of 
records 3 yr. ago. 

No consideration has been given so far to the quality of the sires used for 
breeding replacements. These have been assumed average, which in practice 
need not be the case, and when above-average sires are used, such as those 
proven in artificial breeding, there will be further improvement in the herd 
level contributed by the replacements. The proven sires used in artificial 
breeding in New Zealand are estimated as leaving daughters at least 15 lb. of 
milk fat above the general level. The daughters of such sires enter the herd 
3 yr. after first use, so that, assuming there is no culling on low production and 


that replacements are of average quality over these 3 yr. g, = 0 = go = gz. 





if 
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Thereafter, the additive genetic superiority of replacements in the n' year is 
(%4 gn-3 + 15) and 


oi. 80% Yn-1 ss 20% ( My Jn-3 — 15) = 0.38 Yn-1 = 0.1 Jn-3 T 3 (3) 


This estimated improvement arising from using sires of a given estimated 
additive genetic level has been considered separately from the improvements 
arising from culling low producers and selecting replacements from high pro- 
ducers. The improvement is directly additive with these other practices. That 
is, the estimated mean additive genetic superiority obtained from Equation 
(3) can be added to the values obtained from Equation (2) for example, giving 

fi = 91, go = 2.9952, gs = 4.3306 
and Gn = 0.8 Gna + 0.1 Gn-3 + 5.7417. (4) 


Estimated mean additive genetic gains obtained from Equations (1) through 
(4) are shown in Table 1. These are cumulative gains measured from the initial 
herd level, in accordance with the definition of g,. 

Several observations can be made from the values in this table: 

(1) The combined effect of culling low producers and selecting replacements 
from top-yielding cows is greater after the 4th year than just culling low 
producers. That is, the customary dual usage of herd-testing records is the 
most advantageous. Selecting replacements from high-yielding cows increases 
the gains by at least 25% from the 9th year onwards, although in the first 5 yr. 
there is little difference. 
(2) Artificial breeding alone, using sires estimated as 30 lb. milk fat above 
average, does not give as much improvement in the early years as herd-testing, 
but by the 10th year the improvement is only 1 Ib. less than that derived from 
herd-testing. 
(3) Herd-testing and artificial breeding combined give improvements approxi- 
mately double those derived from herd-testing alone. The conclusion is, that 
with the parameter estimates as discussed, artificial breeding will improve 
additive genetic merit to the same extent as herd-testing in the long run, but 
that when used together the improvements are twice as great as when used 
singly. 

UPPER LIMITS TO GENETIC IMPROVEMENT 

The equations for the estimated gains have upper limits beyond which the 
values of g, will not rise. Theoretically, these are attained only after an infinite 
number of years, but the gains come within 1% lb. of milk fat of their limits in 
much shorter times. The maximum mean additive genetic gains for Equations 
(1) through (4) are shown in Table 2, together with the number of years re- 
quired to be within half a pound of milk fat of these limits; also, the time needed 
to attain 25, 50, and 75% of these gains. The method of obtaining these results 
is shown in the second section of the appendix. 

The limit shown in Table 2 for the mean additive genetic improvement that 
can be attained from culling alone is 19 lb. milk fat. This is obtained from 
Equation (1), which is such that when the equilibrium state is reached, at a 
superiority to the initial herd level of g, say, then 
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g=0.8g9 + 0.1 9 + 1.9344 
i.e. g = 19.344. 
This may seem low in relation to the genetic standard deviation of 36 lb. milk 
fat used in the ealeulations, but it is determined by the 1.9344 value which, as 
seen in the appendix, is the genetic standard deviation multiplied by 0.8 (one 


TABLE 2 
Limits to mean additive genetie superiority above initial herd level 


Herd testing 


and 
Artificial artificial 
Herd testing * breeding breeding 
Culling low 
producers 
Breeding and selecting 
Culling low replacements, replacements, 
producers using using 
Culling low and selecting above-average above-average 
producers replacements ” sires ‘ sires” 
(1) (2 (3) (4) 
Upper limit (lb. milk fat 19 27 30) 7 
No. of years for superiority to be 
25% of upper limit + a) 7 6 
50% of upper limit 9 10 11 10 
75% of upper limit 17 18 19 19 
43 48 51 58 


Within 1% lb. of upper limit 
* Sires equivalent in additive genetic merit to the initial herd level. 
” Replacements selected from high-producing cows. 
Sires with an estimated additive genetic superiority of 30 lb. milk fat over the initial 


herd level. 


minus the replacement rate), also multiplied by the selection differential (in 
standard deviation units) relating to the 94% of cows not culled on low produc- 
tion. These two factors are fixed for any selection program that is used over 
a period of years and the only thing which could change to affect the upper 
limit is, therefore, the genetic standard deviation. As Lush (2) points out, 
this is unlikely to be affected by selection to any great extent for a multigeniec 
trait like milk production that has a low heritability. Hence the result, that 
the upper limit is 19. The smallness of this value relative to the standard devia- 
tion of 36 lb. milk fat is primarily due to the low culling rate and the small 
selection differential each year; namely, 0.124 standard deviations. Further- 
more, the replacements each year are assumed to be from only average cows in 
the herd, so they contribute very little towards the annual improvement of the 
herd, although it is a, contribution which continues steadily. The same con- 
siderations apply to Equation (2) leading to the 27 lb. milk fat upper limit for 
the superiority achievable from culling of low producers and selecting of re- 
placements from top-yielding animals. In both of these cases it is assumed that 
the bulls used are only average, equal to the initial herd level in additive genetic 
merit, so that the upper limits on the superiority are not as high as when above- 


average bulls are used. 
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Equation (3) is for the case of using an above-average sire without culling 
low producers or selecting replacements from high-producing cows, whereas 
Equation (4) represents the more practical situation, where low producers are 
culled and replacements bred from high-producing dams using above-average 
bulls. There is no provision for any improvement in the superiority of the 
bulls with the progress of time in either of these cases, and in all four situations 
the gains considered are relative to the initial herd level and take no account 
of any possible improvement in the general level of all dairy cows. This is most 
unlikely to remain constant over a long period and especially would the level 
of the bulls used be likely to increase. The maxima achievable over a long term 
would, therefore, be greater in practice than Table 2 indicates, but it neverthe- 
less gives comparisons of the various selection programs used for herd improve- 
ment. Culling on its own leads to a 19-lb. maximum improvement, whereas cull- 
ing and selecting replacements leads to a gain of 27 Ib. milk fat, 50% of which 
ean be achieved in 10 yr. The further gains from using above-average sires are 
directly additive to these, as we have already seen, and 50% of the maximum 
gain can still be achieved in 10 yr., whereas the next 25% can be achieved in 
a further 9 yr. 

PRODUCTION IMPROVEMENT 

Culling on low production enables estimates to be made of the real producing 
ability of the cows that remain, through using the repeatability statistic. Let d,, 
be the estimated mean superiority of the real producing ability of the cows in 
the n™ year after culling first started, over the initial herd level. Then, if 10% 
of the cows are culled for low production, the estimated superiority of those 


not culled, over the herd level prior to culling, is (0.6) (65) (0.192) = 7.4880, 
where 0.6 is within-herd repeatability, Castle and Searle (1). Thus 

d, = 0, 

do = 80% (7.4880) = 5.9904, 
and dz = 80% [do + (0.6) (65) (0.124) | = 0.8 de + 3.8688. 


Subsequent to the third year, the replacements entering the herd contribute to 
its estimated mean real producing ability in the n™ year by an amount 20% 
(14 gn-3), so that 

d, = 0.8 dys + 0.1 Gn-3 + 3.8688. 


On writing d, = gn + Pn, Where p, is the portion over and above the additive 
genetic effects contributing to d,, and by subtracting the value of g, given by 
(1), we have 

Pn = 0.8 pur + 1.9344. (3 


The first three values of d, are the same under culling of low prodv-ers and 
selecting of replacements, and subsequent values are given by 
dy, = 80% ld, Ree (0.6) (65) (0.124) T 20% (% Gn-3 1 4.0365 ) 


= 0.8 dy + 0.1 gy-3 + 4.6761 (6) 


which, on subtracting (2) and using d,, In + Pp, again gives Equation (5), as 


would be expected. 
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The estimated production improvements given by Equation (6) are shown 
in Table 3, alongside production increases reported as directly associated with 
herd-testing in New Zealand, (3), 1955. These are increases recorded by 172 
herds that were herd testing continuously for 10 yr. in the 1940’s, measured 
as the mean difference between herd and group averages each year. The group 
average is the average of the 26 farms of the locality under the responsibility 
of one testing officer; the groups containing the 172 herds consisted mainly of 


TABLE 3 


Estimated and observed increases in production associated with herd testing in New Zealand 


Year of Increase in production (lb. milk fat 
herd _ mull em 
testing Estimated * Observed ” 
1 0 0 
2 6 9 
3 9 14 
4 12 15 
’ l4 17 
6 17 14 
7 19 16 
8 20 18 
9 22 19 
10 23 20 


‘Equation (6). 
” New Zealand Dairy Board (3) 1955. 


herds not testing continuously and, in fact, in most years 50% of the herds had 
not tested the previous year. Hence, the group average represents a district 
average little affected by any trend arising from continuous testing; and the 
differences between herd average and group average for the continuous testing 
herds are, therefore, attributable to continuous testing. These differences have 
been made relative to zero in Table 3 for comparison with the estimates, with 
which they show good agreement. The observed values exceed the estimates in 
the early years, due perhaps to the benefits derived from the farmer’s increased 
interest in management arising from his having individual production records. 
In the later vears the position is reversed and the observed values are not as 
large as the estimates; this may arise from the trends occurring in herd-testing 
practices at the time these figures were obtained—continuous testing was start- 
ing to become popular, which may have increased the group average, so decreas- 
ing the differences in Table 3. 

These estimated gains and those shown in Tables 1 and 2 are relative to the 
initial level of herd production at the commencement of herd testing, and do not 
include gains that may occur in the whole dairy cow population. These are 
additional, since they affect both tested and nontested herds alike. 


APPENDIX 


(1) Equations, The general expressions for the equations of additive genetic 
superiority can be written in terms of the following variables. The values used 


in the calculations are shown in parentheses. 
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I 


- 


= annual replacement rate (20% ). 


(1-t) = fraction of herd culled for low production after first year of 


The value 
producers. 


and 


Thereafter 


(1) 
(2) 
(3) 
(4) 


herd testing (10%). 
l-s) = fraction of herd culled for low production in all years after 
the first (6%). 
r= fraction of herd from which replacement heifers are kept 
(75%). 
h = within-herd heritability, in the narrow sense (0.3). 
p = within-herd repeatability (0.6). 
o, = Within-herd standard deviation (65). 
Jn = Mean additive genetic superiority of cows in the n™ year. 
i, with subseript r, s, ¢t, is the selection differential appropriate 
to these fractions. 
of q; is zero in all cases, as is go and gs if there is no culling of low 
When eulling does occur 


J2— \ 1-R hot; 
ga = (1-R) (got hertz). 


, the expressions for g, in the four equations are: 


> Ja = (1-B) gna + % Rowse + (1-B) hosty. 

> On = (1-R) gna + % Ron-3 + (1-R) hori, + Y% Rho,i,. 

> da = (1-R) gn + % Rona + RL. 

> On = (1-R) gna + % Raon-3 + (1-R) hozi, + % Rhozi, + RL. 


and that for p, is: 


(a): 


with 


Pn = (1-R) pra + (1-R) (p-h) orts 
pi = Oand ps = (1-R) (p-h) ont. 


(2) Upper limits. 


Equations (1) through (4) are of the form 


Ga = \ 1-R )Jn-1 + Wy RGn-s "e X 


where Y is a constant. By the customary mathematical treatment of a third 


order recurrent series this can be expressed as 


i= Az" = Ba" 7 Cr3" + 2X R, (7) 


2Y/R being the upper limit on g, and 2, xe, and x3 roots of the equation 


A, B, and 
go, and gz. 


2 (1-R) a2? — ly R =0. (3) 


C are constants evaluated by equating (7) to the initial values g;, 
For R= 0.8 the roots of (8) are 0.9176, and the complex number 


(—0.0588 + 0.32331), i being /—1. Substitution in (7) and equating to initial 


values gives 


A 
B 
be 


= —2.3170(X/R) + 0.1111 ge + 0.9454 gz 
=— 2945(¥/R) + 1.3785 go — 1.4275 gs 
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and then 
Gn = 2X /R + A(0.9176)"™"! 
+ (B+ Ci) (—0.0588 + 0.32337) ""} 
+ (B— Ci) (—0.0588 — 0.32337) "1. 





The term i= \/—1 enters the general expression for g,, but it does not appear 


for any particular value of n. 


The largest term in the above expression other than 2Y/R is A(0.9176)"' 


and A is always negative. Approximately, therefore, the number of years re- 
quired for g, to be within, say, D lb. of its upper limit, 2Y R, is given by the 


smallest integral value of » such that 
—A(0.9176)""! < D. 


ACKNOWLEDGMENT 


Amendments to two of the equations suggested by the referee are gratefully acknowledged. 


REFERENCES 


(1) Castie, O. M., AND SEARLE, S. R. Repeatability of Dairy Cow Butterfat Records 
New Zealand. J. Dairy Sei., 40: 1277. 1957. 

Lusu, J. L. Animal Breeding Plans. Iowa State College Press, Ames. 1940. 

New ZpaLtaAnp Darry Boarp, Ann. Rept., 1951, 1955, 1957, 1960. 

SearLe, S. R. Part Lactations. II. Genetic and Phenotypic Studies of Monthly Milk 
Fat Yield. J. Dairy Sci., 44: 282. 1961. 


m Ww bo 


in 
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SUMMARY 


Hay-crop silage was made in bunker silos with and without a seal, in each of two 
successive years. The marked reduction in losses of liquid and gaseous dry matter by 
use of a weighted plastic seal showed it to be an excellent investment. However, re- 
duction of visible spoilage losses by sealing was so little that the procedure would appear 
uneconomical on this basis alone. In addition to preserving more silage, sealing resulted 
in a silage which when fed to dairy cows was consumed in significantly greater amounts 
than unsealed silage. Milk production was higher and liveweight losses less when the 
sealed silage ration was fed. Temperatures in unsealed bunker silage reached a higher 
peak at a later date than in sealed silage. Neither chemical analysis nor digestibility 
coefficients indicated a consistent superiority of sealed silage in these respects. Results 
from sealed stack silage included in one experiment showed this storage method 
to be no more satisfactory than the use of sealed bunkers. 





Plastic films have been commonly used in recent years for protecting silage 
stored in bunkers, trenches, and stacks. The success of this practice as indicated 
by the weight of spoiled silage and/or feedable silage recovered has varied from 
almost complete protection from air to very incomplete protection. 

Complete elimination of visible spoilage and recovery of 95-97% of the dry 
matter stored in plastic sleeve covered stacks was reported by Briggs (1). No 
spoilage and recoveries above 90% of stored dry matter were also reported by 
Hodgson et al. (4) and Sprague (7), using similar stacks and seals. Losses of 
visible spoilage amounting to 2% or less in plastic-covered bunkers have been 
reported by Gordon et al. (2) and Hodgson et al. (4), with recovery of feedable 
silage dry matter from 80-90%. On the other hand, visible spoilage losses in 
covered bunkers have been reported as high as 20% (9) and the depth of spoilage 
as much as 10 in. (3). 

Obviously, the success of sealing silage with plastics depends almost entirely 
on the technique of application, since essentially the same materials have been 
used to obtain different results. Suecess has resulted only when the plastic 
developed no air leaks or when the effects of leaks have been minimized by 
various procedures such as a weighting material on the plastic covering bunkers 
or a confining fence around the plastic enclosing stacks. 

Spoilage layers as thin as 3 in. have sometimes been observed and reported 
on farms where high-moisture hay-crop silage has been very well packed on 
trench or bunker surfaces but otherwise not protected. These observations have 
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led some to conclude that the value of a plastic seal under these conditions would 
be limited to the possible elimination of a small amount of spoilage and would, 
therefore, not be worth-while. However, two important possibilities have been 
overlooked in reaching such a conclusion. First, a 3-in. layer of visible surface 
spoilage which may be measured and weighed may be only the residue remaining 
from the decay of a thicker layer representing possibly 10 to 12 in. of original 
silage. Secondly, silage below the residual spoilage has also been partially ex- 
posed to air and rain, probably resulting in lower silage quality and additional 
gaseous and liquid losses of dry matter. These experiments were conducted to 
study the importance of these factors and obtain measurements of the total 
value of effective plastic seals. 
EXPERIMENTAL PROCEDURES 

Two separate but related experiments were involved with this investigation. 
In each ease, first-cutting forage was ensiled in May and fed out during the 
following winter. Two identical drive-through wood bunkers having concrete 
floors were used each year. They were 66 ft. long with 8-ft. side walls 14 ft. 
apart at the bottom and 16 ft. apart at the top. The maximum depths at filling 
were 8 ft. at the center, 2 ft. at one end (retaining wall) and zero depth at the 
lower end. Silage stacks were sealed with commercial stack silo covers. These 
were tubes of 8-mil polyvinylchloride secured by the weight of the silage at the 
bottom and gathered in a knot at the top. Three tiers of 2 in. by 4 in. by 4 ft. 
turkey wire were used outside of the plastic, to form and support the stacks. 

Erperiment No. 1. First-cutting 1958 crop orchardgrass was harvested with 
direct-cut harvesters set for a *4-in. cut. This forage was stored simultaneously 
in two bunkers and two stacks on May 12 and 13. The remaining capacity of 
the bunkers was filled on May 14 and 15. Most orchardgrass heads had emerged 
at this time, but no bloom was evident. 

One bunker containing 135 tons was packed with a wheel tractor during the 
filling period and for an additional hour on each day for three days after filling. 
The other bunker containing 134 tons was similarly packed during filling and 
sealed on May 15 with a neoprene-nylon sheet covered with about 3 in. of saw- 
dust. This bunker received no additional packing. The two stacks contained 23 
and 24 tons of forage when completed. 

Each load of stored forage was weighed and sampled for chemical analysis. 
These samples were analyzed for dry matter, total sugar expressed as glucose, 
carotene, and proximate constituents of the dry matter. 

Feeding from the bunkers commenced about November 20 and from the 
stacks on December 14. The weight and dry matter content of spoiled silage 
was measured as it was removed. The silage fed was weighed. as removed and 
a daily sample obtained. Five-day composite samples of the fed material were 
analyzed for dry matter, pH, crude protein, ammoniacal nitrogen, sugar, and 
carotene. Ether extract, crude fiber, ash, and various organic acids were deter- 
mined on 20-day composite samples. The methods used for sampling and ana- 
lvzing forage and silage were those recommended by a recent conference of 


silage investigators (8). 
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The feeding value of these silages was estimated with 15 milking cows by a 
120-day, 3 X 3 Latin-square feeding trial repeated five times. Each period con- 
sisted of a ten-day changeover and a 30-day experimental period. The rations 
were composed of the experimental silage to the extent of appetite, and a 16% 
crude protein mixed grain supplement. Grain was originally assigned to 
individual cows on a grain to FCM ratio of about 1:5. This amount was 
reduced each ten days by a uniform amount based on the average decline in 
production of all cows on the experiment. 

Data were obtained on a daily individual cow basis for the weight of feed 
fed and refused and milk produced. Milk fat content of the milk was deter- 
mined each ten days for each cow from a two-day composite sample. The dry 
matter of refused feed was determined each ten days and for grain each 20 days. 
Sampling and analysis of the silages have been described. 

Digestion coefficients of the forage component of the rations were determined 
by a partial collection chromic oxide technique as described by Kane et al. (5). 
The cows used on the feeding trial were also used for the digestibility determi- 
nations when the feeding trial was about one-half completed. 

Experiment No. 2. The procedures were generally the same as in Experiment 
1. However, no sealed stacks were prepared and the forage for the sealed and 
unsealed bunkers was stored May 4 and 5. This crop was about 30% Ladino 
clover and the remaining orchardgrass. It was considerably less mature than 
the crop of the previous year, orchardgrass heads having just emerged from 
the boot. 

A maximum depth of 6 ft. was attained in the central part of each bunker 
and the full capacity was not utilized because of insufficient available crops. 
The sealed bunker contained 91 tons and the unsealed 87 tons of fresh crop. 
Cables with four thermocouples at 3-ft. spacings were placed across each silo 
at five locations during filling. Two cables were placed near the end of each 
bunker when forage was 1 and 3 ft. deep and three others placed when forage 
in the central part of the silo was 2, 4, and 6 ft. deep. In addition, one cable 
was placed immediately under the plastic in the sealed bunker. Temperatures 
at these points were read on selected dates during storage. Feeding from the 
bunkers commenced about January 1, and the feeding trial was of a cross-over 
design using four 2 X 2 Latin squares of four cows each. Each period was 40 
days in length, including a ten-day preliminary period, and two cows paired as 
closely as possible were assigned to each column of each square. 


RESULTS 


The proximate chemical compositions of Experiment 1 forages were very 
similar (Table 1), as were those of the silages removed from storage. The usual 
increases in ether extract and crude fiber, and decreases in nitrogen free extract, 
may be noted by comparing the analyses of stored and fed materials. Dry matter 
content of silage in the sealed bunker apparently increased some by drainage, 
whereas the unsealed silage apparently gained more moisture from precipitation 
than it lost through seepage. Practically no sugar remained following storage, 
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TABLE 1 
Chemical composition of the stored crops and feedable silages 


Dry matter constituents 








Dry Crude Ether Crude N-free Caro- 
matter protein extract fiber extract Ash Sugar tene 
Experiment 1 (%) —— (p.p.m.) 
As stored 
Unsealed bunker 18.8 16.3 2.4 29.6 44.4 7.3 8.8 254 
Sealed bunker 18.8 16.0 2.5 29.1 45.0 7.4 8.4 261 
Sealed stack 18.2 17.3 2.4 8.6 43.8 7.9 om § 238 
As fed 
Unsealed bunker 18.0 15.5 3.0 35.8 38.7 7.0 0.1 302 
Sealed bunker 19.8 16.2 2.9 34.0 38.7 8.2 0.1 281 
Sealed stack 18.6 15.8 3.5 34.7 38.5 75 0.1 227 
Experiment 2 
As stored 
Unsealed bunker 17.0 19.2 2.4 25.2 43.7 9.5 8.2 
Sealed bunker 16.7 18.9 2.8 25.5 43.5 9.3 8.5 
Zz 
As fed 
Unsealed bunker 5.9 5.6 4.i 32.9 39.0 7.8 0.1 
Sealed bunker 18.5 18.4 4.6 29.0 38.4 9.6 0.1 


but carotene levels remained high during the storage period or may have 
increased. 

The proximate constituents of Experiment 2 forage and silages showed rela- 
tionships to each other which were generally similar to those observed in Experi- 
ment 1. However, the reduction in per cent crude protein during storage of the 
unsealed silage was more marked than had been previously noted. 

The average final density of silage in sealed bunkers was 45 and 48 Ib. per 
eubie foot for Experiments 1 and 2, respectively, whereas comparable values 
for unsealed silage were 47 and 44. These densities are indicative of thorough 
packing, a condition which should be favorable to the relative dry matter preser- 
vation efficiency of unsealed silage. 

The average of temperatures obtained in Experiment 2 silages during the 
first 51 days of storage are presented in Table 2. Temperatures after this date 


TABLE 2 


Average and peak silage temperatures May 6-June 25, 1959—Experiment 2 














Initial location Unsealed bunker Sealed bunker 
Height Average Peak Date of Average Peak Date of 
Section (ft.) temp. temp. peak temp. temp. peak 
(* F.) (° F.) (° F.) ("'F:) 

End 1 84 86 6/12 76 80 5/12 
End 3 98 104 6/3 81 88 5/7 
Center 2 86 90 5/28 86 9] 5/7 
Center 4 91 94 5/12 81 86 5/7 
Center 6 93 102 5/12 84 90 5/7 
Surface SU 92 5/6 

Average 90 95 5/26 82 87 5/8 


(exeluding surface ) 
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were not reported, since they appeared to be dominated by ambient tempera- 
tures. The depth of silage covering the cables.during this period is not known, 
because of the settling which took place. However, their initial placement ade- 
quately describes their relative proximity to the surface and it was found that 
all of the cables were below the spoilage area. The average and peak temperature 
at each location except one in the unsealed bunker was markedly higher than in 
corresponding locations in the sealed silo. Locations progressively nearer the 
surface of the unsealed bunker developed progressively higher average and peak 
temperatures, while the differences in temperatures observed in the sealed silage 
could not be associated with proximity to the surface. Peak temperatures in the 
sealed bunker occurred very early (one or two days after storage), indicating an 
early exhaustion of the enclosed oxygen. The relatively low temperatures ob- 
served immediately under the seal also indicate that effects of atmospheric 
oxygen were practically eliminated by the seal. Although temperatures in the 
unsealed silo were rather low by some standards and are indicative of thorough 
packing, nonsealing resulted in a higher temperature as much as 4 ft. below 
the surface. 

Average values for several measurements of chemical quality of the silages 
are presented in Table 3. None of these silages could be described as good with 
respect to chemical quality. High values for pH, ammoniacal nitrogen, and all 
of the acids except lactic generally characterized these silages. The silages from 
the sealed stack (Experiment 1) and the sealed bunker in Experiment 2 did, 
however, represent some improvement in these respects. 




















TABLE 3 
Chemical quality of feedable silage 
Ammoniaeal N * Organic acids * 
As As % of Pro- 
Ph protein totalN Acetic pionic Butyrie Lactic Sum 
Experiment 1 (Jo) 
Unsealed bunker 4.96 4.52 29.2 5.02 1.83 3.54 0.51 10.90 
Sealed bunker 5.10 5.38 33.2 5.35 1.48 4.02 0.42 11.27 
Sealed stack 4,92 3.38 21.4 4.45 0.87 2.11 2.18 9.61 
Experiment 2 
Unsealed bunker 4.87 3.10 19.9 4.32 1.15 3.20 0.91 9.58 
Sealed bunker 4.76 3.88 21.1 6.12 1.50 3.31 2.43 13.36 





*Dry matter basis. 


Dry matter lost through seepage, visible spoilage, and gaseous loss have been 
summarized in Table 4. These are presented as the actual amounts lost under 
each classification and as the per cent of the stored dry matter which they repre- 
sent. The pounds of loss associated with each square foot of surface area have 
also been calculated, since the monetary costs of seals are usually expressed on 
a square-foot basis. 

Unsealed bunkers lost greater amounts of dry matter as visible spoilage, in 
seepage and in gaseous form, than sealed bunkers in both experiments. Non- 
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TABLE 4 


Dry matter losses 


Experiment 1 Experiment 2 
Unsealed Sealed Sealed Unsealed Sealed 
bunker bunker stack bunker bunker 


Amount (/lb.) 





Spoilage 2,362 1,086 2,271 
Seepage 6,571 2,352 3,353 * 5,571 
Gaseous 9,959 6,143 5,928 
Total 18,892 9,581 3,606 13,770 
Percentage of stored D.M. 
Spoilage 4.6 2.2 1.5 | 12 
Seepage 12.9 4.7 19:7" 19.0 9.4 
Gaseous 19.6 12.2 20.2 10.7 
Total 37. 19.1 21.2 46.9 21.3 
Pounds per foot * of surface 
Spoilage 2.4 1.1 2.7 0.4 
Seepage 6.8 2.3 6.9 3.1 
Gaseous 10.3 6.0 7. 35 
Total 19.5 9.4 17.0 7.0 
Surface area square feet 968 1,020 812 922 


“Combined seepage and gaseous loss. 


sealing increased visible spoiled dry matter by about 1 ton, but it increased 
seepage and gaseous losses by 1.5-2 tons each. Thus, the total nonapparent losses 
(seepage + gaseous) were increased three to four times as much by nonsealing 
as were losses of visible spoilage. 

A comparison of the losses in the two unsealed bunkers illustrates the diffi- 
culty of comparing silos of different sizes on the basis of percentage losses. A 
higher percentage of stored dry matter was lost as spoilage, seepage, and gas in 
Experiment 2 than in Experiment 1, yet the amount of each of these losses was 
less. This relationship results because of the tendency for the amounts of losses 
to be a function of the surface area of the unsealed bunkers rather than a 
function of capacity. It may be seen that expression of losses in terms of pounds 
per square foot of surface indicates similar losses each year in the unsealed 
bunkers. On this basis, the seals reduced total losses by about 10 lb. of dry 
matter per square foot of silo surface. 

Direct comparisons of the amounts of loss from the stacks with those oceur- 
ring in the bunkers in Experiment 1 are not logical, because relatively small 
amounts of forage were stored in the stacks. The stacks contained about 23 tons 
each, although the rated capacity was about 40 tons. The bunkers of the same 
year, however, contained about 135 tons of forage initially. The sealed stacks 
were about as efficient in dry matter preservation as the sealed bunker, in spite 


of their small capacity. 

A summary of the results of the feeding trials is presented in Table 5. In 
Experiment 1, cows consumed the most forage dry matter, lost the least weight, 
and produced the most milk when fed silage from the sealed bunker. Perform- 
ance of cows on unsealed silage was particularly poor with respect to weight 
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TABLE 5 
Results of feeding trial 


Dry matter 
consumption per 








Liveweight hundredweight FCM production 
Regres- Regres- 
sion per Average sion per 
Average 10 day Forage Grain Total per day 10 day 
Experiment 1 == | fy, } — —- + —— 
Unsealed 1,098 —14.96" 1.41* 37 1.78 21.59" -1.34* 
Sealed 1,125 768° 1.59” 37 1.96 22.46” 85° 
Stack 1,103 —8.55" 1.60°"” 37 1.87 20.97" —e 
Significance 
of difference 7 . fe 
Experiment 2 
Unsealed 1,058 —1.61 1.83 62 2.45 34.42 -1.99 
Sealed 1,109 +12.58 2.25 60 9 85 37.90 —.94 
Significance 
#* ee %** ** 


of difference 


* Means are different at the .05 level of significance. 

** Means are different at the .01 level of significance. 

“> © Means not followed by the same letter are significantly different at the .05 level, 
Dunean’s multiple range test. 


loss and forage dry matter consumption. Generally, poor animal performance 
with all of the silages is in agreement with poor chemical quality previously 
deseribed. 

The sealed silage from Experiment 2 was also of higher productive value 
than the unsealed. The differences were highly significant with respect to live- 
weight changes, forage dry matter consumption, and milk production. 

Results of the digestibility trials are summarized in Table 6. Digestibility 
of all Experiment 1 forage components except ether extract was highest in the 
silage from the sealed bunker. However, unsealed silage differed significantly 
only with respect to a lower value for NFE. The digestibility of stack-stored 
silage was generally lower than silage from sealed-bunker storage, to a sig- 
nificant extent. In Experiment 2, a higher apparent digestibility of protein 
and ether extract from sealed-bunker storage was the only difference of sta- 
tistical significance. 

DISCUSSION 

Some attempt at an economic evaluation of sealing is of interest in these 
experiments, because of the large differences in dry matter losses which resulted. 
If a sealing material is to be worth while, the value of silage that it saves must 
be worth more than the cost of the sealing material. The values in Table 4 
indicate that about 10 lb. of additional silage dry matter was preserved for each 
square foot of surface sealed. This amount of forage dry matter would be worth 
at least 15¢ under many circumstances, yet a seal of 4 mil. polyethylene may be 
purchased for about 2¢ per square foot and is clearly worth while if used only 
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TABLE 6 


Digestion coefficients of silage components 








Dry Crude Ether Crude N-free 
matter protein extract fiber extract Ash 
Experiment 1 
Unsealed bunker 65.6” 67.6” 50.8* 75.3” 56.1" 59.0” 
Sealed bunker 68.0” 72.6" 54.3%» 75.5" 61.0” 60.0” 
Sealed stack 61.5" 65.7* 58.2” 70.6" 52.7° 53.0° 
Significance of 
difference stad sa ° nal tas ° 
Experiment 2 
Unsealed bunker 65.6 66.3 52.0 75.5 61.3 49.4 
Sealed bunker 65.2 69.8 55.9 74.9 59.2 51.7 
Significance of 


difference sta ° 








* Means are different at the .05 level of significance. 

** Means are different at the .01 level of significance. 

*” © Means not followed by the same letter are significantly different at the .05 level, 
Dunean’s multiple range test. 


once. The more durable sealing material, neoprene-coated nylon, used in this 
experiment can not be assigned a yearly cost, because it is in good condition 
after 6 yr. of use. 

On the other hand, if the value of sealing were calculated only on the basis 
of reducing visible spoilage residues, the opposite conclusion would probably 
result. Visible spoilage was reduced on an average of 1.8 lb. of dry matter per 
square foot. On the basis of the cost factors being used, this would mean that 
less than 3¢ worth of dry matter would be spending 2¢ to seal each square foot. 
Unfortunately, this latter basis (visible spoilage) is the one on which a decision 
to omit sealing is often made. 

Sealing very deep bunkers or trenches is sometimes neglected because the 
forage lost by nonsealing amounts to only a small percentage of the total ensiled. 
Such reasoning, however, is fallacious, because the amount of forage saved by 
each dollar spent on sealing is at least as great in a deep structure as in a shallow 
one. For example, a bunker 8 ft. by 30 ft. by 100 ft. would hold about 400 tons 
(160,000 lb. dry matter) under a surface area of 3,000 square feet and could be 
sealed with plastic costing $60. This should save about 30,000 extra pounds of 
dry matter (10 lb. per square foot covered), or about 19% of the stored material. 
If this bunker were 16 ft. deep, it would hold at least twice as much (320,000 
lb. of dry matter) and a saving of 30,000 lb. would be only 9.5% of the total 
stored. Nevertheless, if forage were worth 1.5¢ per pound, a saving of $390 
would result in both cases ($450-$60). Thus, the value of sealing each square 
foot of surface tends to be constant, regardless of the dimensions of the structure. 

Results of the feeding trial leave little doubt that the cows in both trials 
preferred silage from the sealed silos. The higher dry matter consumption of 
sealed silages and the correspondingly favorable effect on liveweight and milk 
production are difficult to explain on the basis of chemical determinations made. 
The data, in this respect, represent a failure of chemical analyses to predict the 
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animal acceptance of a silage. Observations during the trials indicated that the 
foot or two of silage under the spoilage layer of the unsealed bunkers was least 
palatable and might have been associated with precipitation leaching through 
the spoilage layer. 

The generally higher consumption of both silages in Experiment 2 is prob- 
ably associated with its higher legume content, an earlier cutting date, and the 
higher nutrient requirements of the cows used. 

The failure to obtain good chemical quality in any of these silages is difficult 
to explain, particularly in view of the relatively high sugar content of the 
forages. Sealed bunker silage of good quality equal to that made in towers has 
been previously reported by this station when a preservative was used (2). It 
seems likely, therefore, that a preservative would have produced good chemical 
quality in the sealed silages of this experiment. In this connection, it should 
be remembered that forage is often exposed to the air for some time during the 
filling of a burker. This may have a deleterious effect on quality, making a 
preservative particularly necessary, since intentional aeration is an effective 
experimental method of reducing silage quality (6). 
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SUMMARY 

A functional approach to the design of a purified ration for ruminants has been 
developed. Purified nutrients were foree-fed to two fistulated steers to determine the 
simplest combination that would maintain certain rumen functions over a short period. 
A ration of cellulose, corn starch, and urea was found to be the simplest combination 
eapable of maintaining the cellulose-digesting ability of rumen ingesta for three days. 
Cellulose plus a purified soybean protein was more effective than cellulose plus urea. 

When the ration consisted of only cellulose, starch, and urea, a source of amino 
acids was required to maintain cellulose digestion for more than three days. With this 
ration, no deficiency of valerie or isovalerie acid was demonstrated, and yeast extract 
was the most effective additive. Determination of molar concentrations of volatile fatty 
acids indicated that feeding ground cellulose in addition to hay plus supplement or 
straw plus supplement lowered the ratio of acetic to propionic acid in the rumen. 

It is concluded that a functional approach would be useful in developing a purified 
ration for ruminants. 


A number of investigations on ruminant nutrition have involved the use of 
purified diets. In each case, the design of the purified diet has been incidental 
to some other objective, such as measurement of amino acid synthesis (9), 
protein, amino acid and vitamin synthesis (1, 2, and 5), nitrogen utilization (6), 
or sulfur utilization (12). Usually, the proportion of readily available carbo- 
hydrate in the diet has been so high that it is doubtful that cellulose digestion 
was maintained at a significant level. Moreover, where an examination was 
made of the rumen flora (7), it was obvious that it had changed radically from 
that which was regarded as typical of the healthy adult ruminant. It is a 
reasonable assumption, therefore, that some rumen functions have not been 
maintained at normal levels by purified diets. 

In view of the obvious advantages of a purified diet as a tool in nutritional 
studies, the design of such a diet for ruminants could be justified as a main 
investigational objective. To insure that the rumen functions are maintained, 
it is suggested that known rumen functions could conveniently be used to 
measure the adequacy of the diet, at least in the earlier stages of the investi- 
gation. This would permit a methodical progression from the simplest to more 
complex diets and also the use of short experimental periods; a condition 
necessary in order to limit to manageable proportions the number and extent 
of the deficiencies developed. This report illustrates the feasibility of a fune- 
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tional approach to the design of a purified diet and describes experiments 
designed to determine some of the nutritive deficiencies of simple combinations 
of purified nutrients. 

The extent to which the rumen microbiota is essential to the nutritional 
economy of the animal, and the efficiency with which it performs its functions, 
are not yet known, but they probably vary with the type of ration fed. However, 
it is known that the rumen fermentation makes possible the utilization of cellu- 
lose, provides a supply of energy in the form of volatile fatty acids, synthesizes 
B-vitamins, and supplements dietary protein. Of these functions, the one that 
is most characteristic of the ruminant is the utilization of cellulose. Conse- 
quently, the emphasis in the early stage of this investigation has been on the 


maintenance of cellulose digestion. 


EXPERIMENTAL PROCEDURE 

Two mature, fistulated steers were used for these experiments. They were 
maintained on a normal ration of either alfalfa hay plus supplement or oat 
straw plus supplement. The supplement consisted of ground corn 40%, soybean 
meal 32.5%, dehydrated alfalfa meal 15.0%, dicalcium phosphate 5.0%, trace 
minerals 0.2%, vitamin A and D concentrate (0.05%, trace-mineralized salt 
1.5%, and urea 6.0%. The animals were fed twice daily and each received 
8-10 lb. of either alfalfa hay or oat straw plus 1 lb. of the supplement at each 
feeding. Each experiment was divided into four feeding periods—Period 1 
(2 wk. or longer), normal ration of alfalfa hay plus supplement or oat straw 
plus supplement; Period 2 (three days), 4 lb. of a wood cellulose? in addition 
to the normal ration; Period 3 (three days), experimental ration; Period 4 
(three days), normal ration. Samples for the laboratory experiments were ob- 
tained at the end of each period, except in Experiment 6, when the experimental 
ration sample was obtained on the fourth day of a five-day period. The experi- 
mental rations used in Experiments 1 through 5 are shown in Table 1. Those 


TABLE 1 


Composition of experimental ration * 


Experiment No. Experimental ration 
1 Cellulose 4 Ib. 
2 Cellulose 4 lb., supplement 1 Ib. 
3 Cellulose 4 lb., urea 30 g. 
4 Cellulose 4 lb., Drackett protein 135 g. 
5° Cellulose 4 Ib., urea 30 g., starch 200 g. 


“Quantities given in table are the amounts used for each feeding. 
>The same experimental ration was used in Experiments 6 through 11. 


used in Experiments 6 through 11 were the same as the one shown for Experi- 
ment 5. 

The purified nutrients were force-fed through the rumen fistula and the 
normal ration was fed by the usual route. The rate of cellulose digestion was 


* Solka-Floe BW-40, Brown Company, Berlin, N. H. 
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determined in vitro by the methods described by Salsbury eft al. (11). In the 
present experiments, however, it was also necessary to determine a basal rate 
without added cellulose, because of the high concentration of cellulose in inocula 
from animals receiving ground cellulose. The rate of digestion of added cellu- 
lose was determined by subtracting the basal rate from the rate of digestion 
of total cellulose, and this net rate was used as a measure of the cellulose- 
digesting ability of the rumen microorganisms at the time of sampling. 

In some experiments, the volatile fatty acids in the rumen liquor at the 
time of sampling were also determined by the method of Keeney (8), with minor 
modifications, and the molar ratio of acetic to propionic acid was calculated. 
In the experiments for determining the conditions necessary to restore cellulose 
digestion to normal levels, the procedure for the laboratory fermentations was 
the same as that used in the rate determinations, but a single incubation time 

24 hr.) was used. 
RESULTS AND DISCUSSION 

The rates of cellulose digestion obtained in Experiments 1 through 6 are 
shown in Table 2. When cellulose was fed alone, 37.2% of the cellulose added 
to the laboratory fermentations was digested in 24 hr., compared to 89.7% when 
the animal was receiving the normal ration (Experiment 1). When a steer was 
starved for the same length of time (10), the cellulose digested in vitro in 24 hr. 
ranged from 7 to 25%. In Experiment 2, cellulose was fed, together with the 
supplement usually fed with the normal ration. In this experiment, therefore, 
the only nutrients withheld were those derived from the hay. As might be 
expected, the amount of added cellulose digested after incubation for 24 hr. 
in vitro (80.5% ) was comparable to the amount digested when the animal was 
receiving the normal ration (90.0%). When the inoculum used for digestion 
of cellulose in vitro was taken from the animals receiving a normal ration, 
there was a characteristic lag phase in the rate curve for cellulose digestion. 
In Experiment 2, this lag period was less evident after the animal had been 
fed the normal ration plus cellulose, and also after it had been fed the supple- 
ment plus cellulose. This may have been due to an adaptation of the rumen 
population to a readily available supply of cellulose and is seen again in Experi- 
ment 5 and to a much lesser degree in Experiments 1, 3, and 4. 

Experiment 3 (Table 2) shows that when only cellulose and urea were fed 
the cellulose digestion in vitro decreased to the range shown by the starved 
animal (10), only 23.5% being digested in 24 hr. However, when Drackett 
protein * replaced the urea in this ration, cellulose digestion was maintained at 
a considerably higher level. Thus, in Experiment 4 (Table 2) the 24-hr. cellulose 
digestion in vitro after feeding the experimental ration was 55.2%. Addition 
of starch to the cellulose plus urea ration (Experiment 5, Table 2) resulted in 
a much higher cellulose digestion at the end of the experimental period (81.0% 
digested in 24 hr.) than when the starch was not used. It appears likely, there- 
fore, that the failure of cellulose plus urea to maintain cellulose digestion was 
due to the lack of a readily available source of energy and, possibly, the effee- 


*A purified soybean protein. 
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tiveness of the Drackett protein was due to its use as a source of energy as 
well as nitrogen. 

In some of the experiments, the rate of cellulose digestion in vitro, after 
the animal had been returned to the normal ration, was greater than it had been 
when the animal was receiving the same normal ration before the experiment. 
This increase appeared to be most pronounced when the rate determined at the 
start of the experiment was not very rapid and when the experimental ration 
caused an appreciable lowering of the rate. An increase in the rate of cellulose 
digestion in vitro was observed by Meiske et al. (10) when steers were returned 
to feed after three-day starvation periods, and Coop (4) observed an increase 
in the rate of glucose disappearance in vitro when a sheep was returned to 


TABLE 2 


Effeet of various rations* on the rate of cellulose digestion in vitro 








Cellulose digested when animal had received:” 





*The rations used are shown in Table 1. 
» Each value represents the mean of three 














Normal 
Experi- Ineu- ration Experi- 
ment bation Normal plus mental Normal 
No. time ration cellulose ration ration 
(hr.) % 
1 3 -@2= 09° 4:72 1:7 23225 
6 35 + 0.7 8.8 + 1.5 1.9 + 2.0 
9 15.4 + 1.6 19.3 + 1.6 9.7 + 2.6 
12 27.219 30.6 + 1.6 6.6 + 2.3 
24 89.7 + 0.7 86.6 + 2.1 372217 
2 3 76215 13.0 + 4.1 —0.8 + 1.8 LZ? 49 
6 43:19 40.2 = 2.6 16.9 + 2.2 43 S13 
9 8.4+ 1.8 62.2 + 5.1 26.9 + 2.0 if:7' =10 
12 36 = 1:7 76.9 + 1.6 39.6 + 1.5 26.9 +1.5 
24 90.9 + 2.0 96.4 + 2.0 80.5 + 1.6 81.3 +£1.9 
3 3 OTe 18 14+1.6 —44+1.8 LAP 17 
6 31:2 14 6.2 = 1:4 —4.2 + 3.9 80 +23 
9 61: 36 10.2 + 1.8 —$.5' = 15 23:3 + 18 
2 170+ 3.1 21.6 + 2.7 32> 29 314. +236 
24 68.2 + 1.6 67.9 + 2.5 23.5 + 3.0 Se = 7 
4 3 07 = 13 251.5 —2.6 + 5.6 28: £18 
6 3.4 + 0.9 3.9 +1.5 25+13 8.9 +1.8 
9 672123 18.3 += 1:2 6.6 + 1.8 226 +25 
12 14.9 + 0.8 22.0 + 1.8 15.5 + 2.1 39.5 + 2.4 
24 60.8 + 0.8 60.5 + 2.9 56.2 £15 85.8 +23 
5 3 —1.8 + 0.9 —3.0 + 1.4 1S 14 —j2 +21 
6 1.8+1.0 11.0 + 1.4 8 ae A | 08 +12 
9 8.8 = 1.0 30.6 + 2.9 18.1 + 1.6 92 +25 
12 173913 §2.7 + 4.0 42.9 + 3.0 213 +29 
24 76.4 + 1.4 78.6 + 1.3 81.0 = 2.1 87.6 +1.6 
6 3 20+ 0.6 0.1:+12 9.5 + 1.5 -—is 35 
6 27:06 2321.4 9.7+1.6 6.7 +43 
9 8.2 + 0.8 iv =i9 1292 12 14.1 +44 
12 14.3 + 1.0 12.5 + 23 16.7 +12 31.0 + 4.6 
24 80.5 = 1.0 66.4 + 4.2 46.5 + 2.5 86.6 + 6.0 





° Standard error of the mean. 
“Mean of two separate fermentations. 





separate fermentations. 
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pasture after a similar starvation period. It is possible that starvation or the 
feeding of diets consisting of only a few purified nutrients eliminates organisms 
that compete with the cellulose digesters for nutrients. 

The ratio of the molar concentration of acetic acid to propionic acid in the 
rumen 12-15 hr. after feeding has been consistently found to be about four 
when the animal was receiving either of the two normal rations. This ratio 
changed appreciably when cellulose was fed in addition to the normal ration, 
or when cellulose, starch, and urea were fed (Table 3). In Experiments 5 and 7, 


TABLE 3 


Molar proportions of rumen volatile fatty acids during two feeding sequences 


Experi- Molar proportions of : 
ment . 
No. Ration Acetie Propionic Butyrie Ratio “* 
— (%) ——__—__— 
5 Alfalfa hay + supplement 69 17 14 4.15 
Alfalfa hay + supplement + cellulose 61 28 11 2.15 
Cellulose + starch + urea 59 33 Ss 1.75 
Alfalfa hay + supplement 69 17 14 3.91 
7 Oat straw + supplement 73 17 10 4.15 
Oat straw + supplement + cellulose 71 21 8 3.31 
Cellulose + starch + urea 65 28 7 2.30 
Oat straw + supplement 75 16 9 4.53 


‘Ratio of acetic acid to propionic acid. 


when the experimental ration (cellulose, starch, and urea) was fed, there was 
an increase in the concentration of propionic acid and a decrease in the concen- 
tration of acetic acid. This was also true for Period 2 (normal ration plus 
cellulose) of Experiment 7, but at the end of Period 2 in Experiment 5 the 
concentrations of both acetic and propionic acids had increased. 

When an experimental ration of cellulose, starch, and urea was fed for four 
days in the usual sequence, using a normal ration of alfalfa hay plus supple- 
ment, it was found that cellulose digestion was maintained at a high level. On 
the other hand, when the normal ration was oat straw plus supplement, feeding 
this same experimental ration for four days resulted in a considerably lower 
cellulose digestion in one experiment (Experiment 6, Table 2) and a slightly 
lower cellulose digestion in another experiment. This suggested that oat straw 
plus supplement could be used in the usual sequence as the normal ration, in 
order to permit the development of nutrient deficiencies without greatly pro- 
longing the feeding of the experimental ration. Consequently, the animals were 
maintained on oat straw plus supplement, a mixture of cellulose, starch, and 
urea was used as the experimental ration, and incubation for 24 hr. was used to 


determine conditions necessary to restore cellulose digestion to normal levels 
in vitro. Table 4 shows the results of these experiments. For comparison of the 
different experiments, the cellulose digested when none of the test materials 
was added has been arbitrarily set at 100, and the amount digested in the pres- 
ence of added nutrients is expressed as the relative proportion of this control 
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TABLE 4 
Effect of various nutrients on cellulose digestion in vitro 


Relative cellulose digestion “* 





Experiment Experiment Experiment Experiment 
Material added 8 9 10 
None 100 100 100 100 
Alfalfa extract ‘ 7 ile lS 
Yeast extract, 60 mg. 140 = 6.7 
Yeast extract, 120 mg. 164+ 7.4 
Yeast extract, 60 mg. 
glucose, 10 mg. 154 + 11.3 
B-vitamins “ 114 + 7.8 
Casamino acids,” 15 mg. 1138: + 323 11ISs= 80 
Casamino acids, 30 mg. 1IZ6= 958 
Casamino acids, 60 mg. 140 = 11.3 130 + 6.9 109+ 5.4 
Casamino acids, 120 mg. 1I7= 4.2 
Casamino acids, 240 mg. 1ig+ 4.8 
Casamino acids, 30 mg. 
B-vitamins 135 = 10.9 
Casamino acids, 60 mg. 
+ B-vitamins 105+ 4.8 
Casamino acids, 60 mg. 
valeric + isovaleric acids 113 = 53 
Casamino acids, 30 mg. + B-vitamins 
+ valerie + isovaleric acids 126 + 13.1 
Casamino acids, 30 mg. 
+ Neopeptone,* 30 mg. 123 = 5.7 
Valerie + isovaleric acids 93 + 5.8 99+ 4.9 


Valerie + isovalerie acids 


+ B-vitamins 100+ 7.8 


Valerie + isovalerie acids + 
PABA + biotin + Bi + adenine 


+ uracil + guanine + xanthine 107+ 8.3 
As above + valine + proline N7 = 66 
Valine + proline 94 3.9 
Valine + proline + leucine 

+ isoleucine 101 + 1.7 
Neopeptone, 60 mg. 135 + 13.0 
Neopeptone, 120 mg. 155+ 9.4 
Neopeptone, 240 mg. 152+ 9.1 
Neopeptone, 60 mg. + B-vitamins 141 + 10.0 


“Each value represents the mean of three separate fermentations. 

»’Standard error of the mean. 

© Prepared according to Bentley ef al. (3). 

4 Amounts added, ug/ml: Thiamine HCl, 20; Riboflavin, 20; Calcium pantothenate, 40; 
Niacinamide, 20; Pyridoxal, HCl 10; Folie acid, 4; p-Aminobenzoie acid, 20; Biotin, 2; 
Bw, 0.02. 

* From Difeo Laboratories, Detroit, Michigan. 
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value. From the data in Table 4, it can be seen that alfalfa extract, yeast 

extract, Casamino acids, and B-vitamins were stimulatory (Experiment 8). The 

amount of stimulation obtained with yeast extract suggests that the inoculum 
was deficient in factors other than amino acids and B-vitamins. Valeric acid 
plus isovaleric acid or valine plus proline were not stimulatory in Experiments 

8 and 9, but the results shown for Experiment 9 suggest that with suitable sup- 

plementation these compounds might stimulate cellulose digestion. In Experi- 

ment 9, increasing the amount of added Casamino acids increased the stimu- 
latory effect on cellulose digestion, and addition of B-vitamins increased the 

stimulatory effect of Casamino acids in Experiment 9, but not in Experiment 11. 

Neopeptone was more stimulatory than Casamino acids in Experiment 11, but 

apparently could not replace an equal weight of Casamino acids in Experiment 

10. The reason for these differences in behavior of the B-vitamins and Neopep- 

tone is not immediately apparent, but it is probable that several nutrients were 

depleted to relatively different degrees in the different experiments. It seems 
clear, however, that under the conditions used, there is a requirement for some 
source of amino acids in order to maintain cellulose digestion. Whether this 
is an absolute requirement and, if so, for which amino acids, is a point that is 
being investigated. 
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SUMMARY 


Rumen fluid was collected from two rumen fistulated animals on six different rations 
and was used to prepare washed cell suspensions of bacteria. EKach suspension was used 
to ferment five of seven different substrates which were prepared from the same feeds 
as those fed the donor animals. The greatest in vitro production of volatile fatty acids 
(VFA) from each substrate occurred when the substrate consisted of the same hay as 
that in the ration of the donor animal. With one exception, the addition of concentrates 
to a hay diet reduced the VFA concentration in vivo when determined 4 hr. after feeding. 
The in vitro VFA production also decreased when the donor animal received concentrate 
in addition to hay. Under in vitro conditions the total acid production, pH, and 
acetate/propionate ratio was lower than in rumen fluid. When a concentrate mix served 
as the substrate, these values were further decreased. The in vitro technique used 
appears to have limited value in estimating the nutritive value of forages and little 
value in estimating the value of concentrates. 





The artificial rnmen has been suggested as a means of determining the nutri- 
tive value of feeds. In order to use the artificial rumen technique to estimate 
the nutritive value of feeds, it is probable that the bacterial flora should come 
from an animal receiving the same ration as that being tested (9). The bacterial 
flora of the rumen have been shown to be altered with changes in the ration. 
It has also been demonstrated that the ration which the donor animal has received 
alters the production of VFA in the artificial rumen (3, 5). 

The limitations of the various artificial rumen techniques have been pointed 
out by Huhtanen and Gall (7), Warner (9), and Heuter et al. (6). 

This study was designed to evaluate the production of VFA by a mixed cell 
suspenson, fermenting various substrates, consisting of feeds both similar and 
dissimilar to the ration consumed by the donor animal. 


EXPERIMENTAL PROCEDURE 


Two rumen fistulated animals, a nonlactating Holstein cow and a Brown 
Swiss steer, each weighing about 1,200 Ib., were used for all trials. Six different 
rations were studied: (I) bromegrass hay, (II) bromegrass hay plus 8 Ib. of 
concentrates (14% dairy mix), (III) excellent alfalfa hay, (IV) excellent al- 
falfa hay plus 8 lb. of concentrates, (V) poor alfalfa hay, and (VI) poor alfalfa 
hay plus 8 lb. of concentrates. The animals, when fed hay only, consumed about 
30 lb. per day of bromegrass or excellent alfalfa hay, whereas the consumption 
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of poor alfalfa hay amounted to about 25 lb. per day. When 8 lb. of concen- 
trates were fed, daily hay consumption was reduced to 25 lb. per day of brome- 
grass or excellent alfalfa hay, and to 23 lb. for the poor alfalfa hay. The proxi- 
mate analysis of the roughages is given in Table 1. The concentrate mix was 
calculated to contain 73% TDN. 


TABLE 1 


Proximate analyses of the roughages studied 








Crude 
Crude ether Crude Mois- Crude 
Roughage protein extract fiber ture Ash NFE 
~ —_—__—_—_——(%) 
Bromegrass hay 7.8 2.7 33.5 6.02 5.6 44.4 
Exeellent alfalfa hay 18.3 3.9 20.3 7.14 9.1 41.2 
Poor alfalfa hay 12.9 1.3 44.9 7.40 75 26.0 


Samples of rumen contents were taken 4 hr. after feeding, because this had 
been shown to be the most probable peak of VFA production (3, 10). A sample 
was taken from each animal ten days after the change to a particular ration, 
and another sample was taken approximately seven days later. Results from 
the two animals and the two periods were averaged, since the difference between 
animals and times was small and random. 

Bacterial suspensions were prepared according to the method of Cheng et al. 
plastic centrifuge tube which served as a fermentation flask. Seven feeds or 
combination of feeds were used as substrates (Table 2). The hay and concen- 
trate mix used in these fermentations was the same as that fed to the animals 


(2), using 25 ml. of the suspension and 3 g. of a feed substrate in a 75-ml. 


from which the bacterial suspensions were prepared. All feed was finely ground 
in a Wiley mill. After 16 hr. of fermentation, the contents of each tube were 
strained through two layers of cheesecloth and the pH determined with a 
Beckman pH meter. The contents were then acidified with 50% sulfuric acid 
to approximately pH 2.0, and VFA concentrations were determined imme- 
diately by the Keeney procedure (8), or the entire solution was frozen until 
analyses could be performed. 
RESULTS AND DISCUSSION 

VFA concentration of rumen fluid. The average concentration of VFA in 
the rumen fluid which was used in the preparation of the washed cell suspen- 
sions is presented (Table 3). The values for VFA in the rumen fluid of animals 
on a hay diet were similar to values previously reported (3, 10). The rumen 
fluid from animals receiving concentrates did not show the marked increases 
in VFA content found by Wegner eft al. (10), but more nearly corresponded to 


the results of Emery et al. (3). 

The total VFA found in the rumen fluid was increased slightly by the addi- 
tion of concentrates to the bromegrass hay ration, while the addition of concen- 
trates to both alfalfa hay diets reduced the amount of VFA present in the rumen 
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TABLE 2 


The in vitro production of volatile fatty acids from various substrates by washed cell 
suspensions of rumen microorganisms 


Substrate Acetate Propionate Butyrate Total 
—__—__.___-(mM_/liter )——————__- 
Ration 1* 
A” 62.3 33.7 19.9 115.9 
C 91.3 39.3 26.8 157.4 
D 63.7 35.5 25.6 124.8 
i} 59.0 33.6 16.2 108.8 
G 50.5 33.6 12.3 96.4 
Ration 2 
A 55.1 32.8 19.1 107.0 
C 66.3 36.1 16.0 118.4 
D 56.0 40.1 18.3 114.4 
) 39.0 24.5 10.6 74.1 
G 46.1 34.7 18.2 99.0 
Ration 3 
A 75.4 41.0 29.9 146.3 
B 62.6 38.0 20.3 120.9 
C 41.1 29.2 17.0 87.3 
oy 51.6 27.2 17.6 96.4 
G 50.6 34.3 23.8 108.7 
Ration 4 
A 74.0 39.6 19.6 133.2 
B 59.4 43.8 20.4 123.6 
Cc 58.0 35.8 18.6 112.4 
E 56.5 39.4 17.0 112.9 
G 59.9 46.7 14.9 121.5 
Ration 5 
A 29.0 21.2 11.9 62.1 
C 31.5 17.6 10.0 59.1 
a 67.4 29.7 13.7 110.8 
F 44.6 27.6 15.6 87.8 
G 18.5 17.2 8.2 43.9 
Ration 6 
A 37.9 27.0 12.3 77.2 
C 26.2 14.2 5.3 45.7 
E 48.9 27.0 15.3 91.2 
F 31.7 21.9 10.7 64.3 
G 25.0 19.6 9.7 54.3 





* Ration refers to the ration fed the donor animal from which the washed cell suspension 
was prepared. 

» Substrates: A =excellent alfalfa hay, B= excellent alfalfa hay plus concentrate, C= 
bromegrass hay, D = bromegrass hay plus concentrate, E = poor alfalfa hay, F = poor alfalfa 
hay plus concentrate, G = concentrate. 


fluid. The VFA peak production on rations including concentrates may have 
been on the decline by 4 hr. after feeding, thus giving the lower values. The 
molar percentages of the three acids were not altered greatly by changes in the 
ration in these studies (Table 3). The acetate/propionate ratio of the rumen 
fluid produced on all hay rations had a significant positive correlation (P < 
0.05) of 0.63 with the caleulated TDN value of these hays. The hays higher 
in TDN produced more acetic relative to propionic acid, but when concentrate 
was added to these hay rations the correlation coefficient dropped to +.25, 
which was not significant. 
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VFA production and pH in vitro. The concentration of total acids and of 
individual acids was considerably lower in the fermentation tubes (Table 2) 
than under in vitro conditions (Table 3). In only two cases was the total con- 
centration higher in the artificial rumen than in the rumen fluid which provided 
the microorganisms. The higher levels of acetate were associated with high pH 
values (r = +0.35), indicating that acids other than acetic had greater pH-regu- 
lating effects. This is in contrast with the correlation (r = —0.67) of acetate 
and pH under in vivo conditions, which was significant (P < 0.01). 

















TABLE 3 
VFA composition and pH of the rumen fluid used for the washed cell suspensions 
Ration pH Acetate Propionate Butyrate Total 
_ (mM /liter )— 
1 6.5 71.3 28.7 19.1 119.1 
2 6.1 76.0 31.2 RY.7 124.9 
3 6.1 120.4 48.4 26.1 194.9 
+ 6.3 S0.8 30.9 20.2 138.2 
5 6.8 76.7 32.3 21.2 130.2 
6 6.8 27.0 18.3 99.6 


54.3 





The fermentation fluid pH (Table 4) and the acetate,/propionate ratio were 
much lower in vitro than in vivo. This general trend was most pronounced when 
the concentrate mix served as the substrate. The concentrate substrate resulted 
in the lowest pH values, the lowest acetate/propionate ratio, and in most cases 
the lowest production of total volatile acids. The in vitro acetate/propionate 
ratio produced on all hay substrates was significantly correlated (r = —0.41) 
with the caleulated TDN value of the hay (P < 0.05). This is also in contrast 


to the results obtained in vivo (r = +0.63). The addition of concentrates to 
the hay substrate resulted in a higher negative correlation (r = —0.59), but 


under in vivo conditions resulted in a positive but nonsignificant correlation. 

Balch and Rowland (1) have suggested that a reduction in pH encourages 
the proliferation of organisms that produce lower proportions of acetic acid. 
The data presented (Tables 2 and 4) agree with this suggestion. These workers 
(1) attributed the pH change to a decrease in buffering capacity brought about 
by reduced saliva flow; this would not be a variable under in vitro conditions, 
since the same amount of buffering material was added to each suspension media. 
In addition, these workers (1) found that the pH decreased with increasing 
levels of total volatile acids under in vivo conditions. The in vitro studies re- 
ported here, however, show a low pH associated with a low production of total 
VFA. One explanation for these results is perhaps related to a lower buffering 
capacity of the substrates containing concentrates. Another possibility is that 
the level of lactic acid, which was not measured in these studies, accounted for 
the reduction in pH values. High lactic acid levels have been demonstrated on 
rations high in concentrates (1), but under in vivo conditions lactic acid is 
rapidly converted to other acids, principally propionic. 

Interrelationships of rations and substrates. The data illustrated that for 


maximum acid production under in vitro conditions it is necessary that the 
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donor animal be fed the same roughage as that which is used as the substrate. 
In every case, the highest acid production in vitro for each hay was obtained 
when the substrate consisted of hay the donor animal received. 

The addition of concentrates to the ration, however, did not result in a bae- 
terial suspension with greater activity on a hay and concentrate substrate. 
Instead, the substrate consisting of the same hay still showed the greatest acid 








production. 
TABLE 4 

The pH of fermentation mixtures 

Substrate 1 2 3 4 5 6 
(pH) 

A 5.1 5.2 4.8 5.3 4.8 4.8 

B 4.8 4.8 
y 5.4 5.6 5.5 5.7 5.1 5.0 

D 4.9 6.1 

o 5.8 5.3 5.7 6.0 5.2 4.9 
F ; 4.8 4.6 
G 4.2 4.5 4.7 4.8 4.6 4.5 





The in vitro technique used in these studies to predict the nutritive value 
of dairy rations appears to be limited to the prediction of feeding value of 
roughages. The inability of the system to respond to the addition of concen- 
trates is perhaps related to insufficient buffer or to high levels of lactic acid, 
as pointed out above. The determination of lactic acid accumulation in vitro, 
when concentrates are included in the substrate, should improve the value of 
this technique for predicting the nutritive values of such rations. 
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CORRELATION BETWEEN CERTAIN LABORATORY STRESS TESTS 
AND FERTILITY OF FROZEN BOVINE SPERMATOZOA ! 


B. W. PICKETT, W. A. MacDONALD, D. G. GOSSLEE,’ anp W. A. COWAN 
Department of Animal Industries, University of Connecticut, Storrs 


SUMMARY 

In an initial study, involving 18 ejaculates from ten Holstein bulls, spermatozoa 
stored in liquid nitrogen (LN) were more resistant to the imposed repeated exposure to 
ambient temperature, stress tests, than spermatozoa stored at dry ice—aleohol (DI) 
temperatures. Significant positive correlations (P < 0.05) of between 0.46 to 0.58 were 
obtained between stress tests and fertility. Results from the second study, with ten 
ejaculates obtained from seven Holstein bulls, showed that semen stored in DI for 
2 hr., thawed and examined at 0, 1, 3, 6, and 12 hr. post-thaw, exhibited greater motility 
than split samples stored in LN. However, after 90 and 180 days of storage, the LN 
stored semen was superior to DI storage. The most consistent significant correlations 
(P < 0.05) were found at 1, 3, and 6 hr. post-thaw from DI and at 0, 1, and 3 hr. 
from LN after 2 hr. of storage. 

The widespread use of artificial breeding has stimulated an extensive search 
for laboratory tests which correlate with subsequent fertility (2-6, 8-10, 13-15, 
18, 19, 21, 27, 31, 32). Various resistance tests including cold shock (2, 3, 5, 7, 
8, 18, 32), action of 1% NaCl (1, 3), acid titration (22), sperm disintegration 
(28), and freeze-thaw cycles (29) have been explored. 

While many factors affecting motility and fertility of frozen semen have 
been studied (11, 12, 16, 17, 20, 23-26, 33), little effort has been directed towards 
development of satisfactory laboratory tests for prediction of fertility of frozen 
semen samples. Docke and Wiechert (8) correlated certain semen character- 
istics as well as a dry ice cold-shock test (7) with fertility of frozen semen, but 
the correlations were not statistically significant. Erickson and Graham (11) 
reported a significant correlation of +0.25 between progressively motile sper- 
matozoa and nonreturn rate to frozen semen, but recognized that the correlation 
was not of sufficient magnitude to predict fertility with any degree of precision. 

While liquid nitrogen has appeared to be superior to dry ice—aleohol as a 
refrigerant for bovine semen (16, 24, 25), little is known concerning the effect 
of various stresses on motility of semen stored at —196° C. 

The present study was concerned with motility estimations after exposing 
ampules of frozen semen to adverse conditions, and the possible use of these 
estimates as criteria for estimating fertility. 

MATERIALS AND METHODS 


Semen was collected, with an artificial vagina, from Holstein bulls routinely 
used by the New England Selective Breeding Association. Immediately after 


Received for publication January 8, 1961. 

‘Supported in part by grants-in-aid from the Chas. H. Hood Dairy Foundation, Con- 
necticut Artificial Breeding Association, and the New England Artificial Breeding Council. 
Portions of these data were presented at the 34th Annual Meeting of the Eastern Division 
of A.D.S.A., August 8-9, 1960, University of New Hampshire, Durham. 

* Storrs Agricultural Experiment Station Biometrician. 


1134 











FERTILITY OF FROZEN SPERMATOZOA 1135 


collection, hemocytometer counts and per cent progressively motile sperm esti- 
mations were made. The semen was then extended to contain, after glycerola- 
tion, approximately 15 million total sperm per milliliter for motility estimations 
and 30 million progressively motile sperm per milliliter for fertility studies. 
The sperm concentration used for the motility studies was chosen to provide 
a standard number of cells and to facilitate motility estimations. Semen prepa- 
ration, extender concentration, and freezing procedures were as previously 
outlined (24). 

After freezing to —76° C. on canes routinely used for storage in liquid 
nitrogen, one-half of these were transferred to dry ice—aleohol (DI) storage 
and the other one-half to liquid nitrogen (LN) storage (—196° C.). Per cent 
progressive motility estimations were made by placing an aliquot of semen on 
a slide previously warmed to 32° C. and examining this under phase-contrast 
illumination at 480 X magnification. 

Experiment I. Eighteen ejaculates, after storage in LN and DI, from ten 
Holstein bulls were used to determine the effects of exposure to ambient tem- 
perature of 1 to between 1 and 5 min. on motility. After freezing and trans- 
ferring to the respective refrigerants, ampules remained in storage for 3 hr. 
as an adjustment period. Following the adjustment period, one cane consisting 
of six ampules was removed from each storage temperature and held at room 
temperature (15-28° C.) for 1 min. After exposure to ambient temperature, 
the canes were then returned directly to their respective storage units. A second, 
third, fourth, and fifth cane from LN and DI storage were exposed for 2, 3, 4, 
or 5 min., respectively. A sixth cane remained in continuous storage and served 
as a control. Three hours were allowed for adjustment to the respective tem- 
perature. Ampules were then removed, thawed in ice water, and motility esti- 
mated. An identical exposure procedure was repeated on these same canes at 
15, 30, 60, and 120 days after freezing. Thus, the ampules evaluated at 120 days 
had been exposed five different times for 1, 2, 3, 4, or 5 min. 

Experiment II. Ten ejaculates from seven Holstein bulls were frozen, 
appropriately subsampled, and stored at —76 and —196° C. Following a 2-hr. 
adjustment period, one cane (six ampules) of semen was removed from each 
storage temperature and thawed in ice water. Ampules were examined for 
per cent progressive motility immediately after thawing. The remaining ampules 
were maintained at 5° C. and motility evaluations were made at 1, 3, 6, and 12 
hr., post-thaw. At 90 and 180 days post-freeze, the procedure was repeated on 
ampules from each storage temperature. 

Fertility. Data were collected on cows bred by the New England Selective 
Breeding Association. Each technician was requested to breed unselected first- 
service cows, one to each ejaculate of semen stored in DI. Fertility was based 
on 60- to 90-day per cent nonreturns. Split samples of ejaculates used in the 
motility trials were used in the fertility trials. In Experiment I, a total of 587, 
or approximately 32 (range 28-38) first services per ejaculate, were used to 
correlate with the motility data. In Experiment II, the 60- to 90-day nonreturns 
were based on 324 first services, approximately 32 per ejaculate (range 30-34). 
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The 60- to 90-day nonreturns for Experiments I and II averaged 57 and 60%, 
respectively. Semen samples had been frozen from 4 to 18 wk. prior to their 
use. No fertility data were collected on semen stored in LN. 


RESULTS 
Experiment I. Motility of spermatozoa stored continuously in LN was 
maintained at a higher level than spermatozoa stored in DI, Table 1. Those 


TABLE 1 
Effect of motility of exposing ampules of frozen semen to ambient temperature 
(Mean of 18 samples) 


Storage 
mn Exposure time* (min. 
Refrig- 
erant Time 0 l 2 3 + 5 Mean 


(days) ———— ———_——-(% motility )—————_ ——---_— 








DI 0 33.5 26.8 22.9 17.4 12.9 10.0 20.6 
15 25.0 18.1 14.8 9.9 5.7 3.1 12.8 
30 19.7 13.1 8.0 6.1 2.8 0.4 8.4 
60 17.2 13.1 5.3 2.8 0.6 0.2 6.5 
120 13.8 7.8 3.1 2.1 0.4 0.1 4.5 
Mean 21.8 15.8 10.8 7.7 4.5 2.8 
LN 0 34.0 29.2 25.7 23.7 17.6 12.5 23.8 
15 29.4 25.0 22.2 20.3 17.6 12.3 21.1 
30 27.8 23.7 21.0 19.3 14.8 6.8 18.9 
60 24.2 22.1 20.1 17.0 12.1 4.2 16.6 
120 22.1 20.3 15.9 13.8 11.6 2.9 14.4 
Mean 27.5 24.1 21.0 18.8 14.7 YP 


“Room temperature (15-28 C.). 


cells exposed for longer periods at one time generally exhibited lower motility 
than those exposed for the same total length of time but at shorter intervals ; 
e.g., the motility of semen stored in LN and exposed to ambient temperatures 
for five 1-min. exposures as compared to one 5-min. exposure, was 20.3 vs. 12.5. 
Within each refrigerant there were ten possible comparisons for study of this 
effect. Such comparisons are, of course, affected by decreases in motility due 
to time (days) in storage and the design of the experiment did not allow such 
comparisons to be corrected for the effect of time in storage. 

Simple correlations between the motility estimates from both DI and LN 
storage and the fertility of semen stored in DI, are shown in Table 2. The per- 
centage motility estimates were converted by the aresin transformation in order 
to meet the assumption of a normal distribution required in performing tests 
of significance (30). Positive significant correlations (P < 0.05) were obtained 
after zero days of storage in DI and after exposure for 1, 2, 3, or 4 min. Addi- 
tional significant correlations were obtained at DI temperatures, but appeared 
to occur without a definitive pattern with respect to either storage or exposure 
times. Correlations between motility estimates in LN and fertility of semen 
stored in DI were of relatively low magnitude, except for 120 days of storage 
and exposure for 1 and 2 min. This weuld be expected, since the motility values 
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TABLE 2 


Correlations between motility, after exposure of ampules to ambient temperatures, and 


fertility * 
Storage 
ae Exposure time” (min.) 
Refrig- - - -—— - -— - ——— —— 


erant Time 0 1 2 3 4 5 


(days) 


DI 0 41 4A9* A7* .08* 4+" 45 
15 33 37 43 33 39 A7* 

30 20 22 36 35 29 -.02 

60 .28 41 .55* .56* Al au” 

120 42 .46* 20 19 00 15 

LN 0 30 Be 45 39 54 33 
15 A9* 39 3 38 PY § - 04 

30 .30 10 19 .20 .18 .26 

60 .29 Aa 15 > 36 29 

120 .46* .o2* .55* 45 45 20 


* Significant at 5% level (r= 0.46), based on 18 ejaculates. 
* Fertility data were collected only on dry ice—alcohol stored semen. 


"Room temperature (15-28° C.). 
in Table 1 at these times more nearly corresponded to those in DI, where the 
greatest significance was obtained. 

Experiment II. Semen thawed 2 hr. after previous freezing in DI, main 
tained at 5° C. and then examined for per cent progressively motile cells at 
0, 1, 3, 6, and 12 hr. post-thaw, exhibited slightly greater motilities than corre- 
sponding samples stored in LN, Table 3. Mean values of 23.2 vs. 21.2 for DI 
and LN are shown in Table 3, Column Six, Rows One and Five, respectively. 
After storage for 90 and 180 days, LN appeared to be the superior refrigerant, 
as evidenced by the mean values across post-thaw time of 10.2 and 10.9 vs. 
18.3 and 19.3 for DI and LN, respectively. 

Simple correlations between fertility of semen stored in DI and the trans- 
formed motility values from each storage temperature are presented in Table 4. 
Significant correlations (P < 0.05) were found at zero storage time and at 
1, 3, and 6 hr. post-thaw in DI storage and at 0, 1, and 3 hr. in LN. 


TABLE 3 


Motility of frozen semen at various intervals following thawing 
(Mean of ten samples) 








Storage 
aoe za ie Time post-thaw (hr.) 
Refrig- - 
erant Time 0 1 3 6 12 Mean 
(days) —— (Yo motility )——_— ise a a ats 
DI 0 35.0 28.7 23.3 19.8 9.0 23.2 
90 15.8 13.9 10.6 6.7 3.9 10.2 
180 20.2 15.2 10.6 6.0 2.6 10.9 
Mean 23.7 19.3 14.8 10.8 5.2 
LN 0 34.5 28.5 19.7 16.1 7.2 21.2 
90 24.5 23.0 18.6 14.9 10.4 18.3 
180 29.2 27.5 20.4 13.6 6.0 19.3 


Mean 29.4 26.3 19.6 14.9 7.9 
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TABLE 4 
Correlations between motility at various intervals following thawing and fertility“ 
Storage 
: Hours post-thaw 
Refrig 


erant Time 0 ] 3 6 12 
(days) 

DI 0 59 .66* .71* 75" .60 

90 48 56 47 55 56 

180 aw” 54 42 36 .37 

LN 0 .63* .75* .70* 56 41 

90 43 50 55 45 oo 

180 58 38 A9 .60 33 


* Significant at the 5% level (r= 0.63), based on ten ejaculates. 
** Significant at the 1% level (r= 0.79). 
“ Fertility data were collected only on dry ice—aleohol stored semen. 


DISCUSSION 

In the exposure studies, no samples were observed to thaw completely at any 
exposure time, indicating that the deleterious effects on motility, as a result of 
exposure, occurred at temperatures below the freezing point or affected pri- 
marily the cells in the portion of the extender that did thaw. These comparisons 
are complicated by the possible effects of temperature shock occurring in those 
samples that were exposed for longer periods and returned directly to —79 or 
—196° C. storage. VanDemark eft al. (33), in studying the effects of storage 
temperature, ranging from —23 to —79° C., reported that the higher the storage 
temperature, the greater the decrease in motility. 

The observation that DI storage at —76° C. was not as effective in reducing 
the decline in motility during storage as was LN at —196° C. has been observed 
previously (16, 24). 

Data, as presented in Table 3, indicated that to maintain optimum motility 
semen initially frozen in DI and then transferred to LN requires an adjustment 
period of greater than 2 hr. This was evidenced by a more rapid decline in 
motility of semen frozen and stored initially in dry ice and then transferred 
to LN than semen stored continuously in DI after freezing. After 90 and 180 
days of storage, semen stored continuously in LN exhibited higher motility 
immediately after thawing and at each estimation through 12 hr. post-thaw. 
This observation is essentially in agreement with the findings of Larson and 
Graham (16) and lends support to the implication (17, 26) that semen for LN 
storage may need to be processed differently than semen for DI storage, for 
maximum results. 

Since higher correlations between motility and fertility were observed at 
zero days of storage than after storage for longer periods of time, Tables 2 and 
4, it would appear that the stress tests imposed as reported herein can be 
completed on the day of freezing. Any test that might be ultimately developed 
would be of greater value, assuming correlations are equal, if it could be executed 
immediately after freezing. This, of course, would reduce the cost of low. 
temperature storage by providing a basis for subsequently discarding semen 


samples predicted to be of low fertility value. 
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It is recognized that for precise prediction, the correlation coefficients should 
be higher, as discussed previously by Buckner et al. (5). However, the data 
presented herein tend to indicate that a stress or resistance test could be de- 
veloped for prediction of fertility of frozen semen. There are certain tempta- 
tions to suggest that such tests might also be employed to establish optimal con- 
ditions for survival of bovine spermatozoa. 
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TECHNICAL 
AGGLUTININ FOR BRUCELLA 


A MACROGLOBULIN (12 8) 


NOTES 


BOVINE MILK? * 


Since milk from eattle infected with Brucella 
abortus may contain specific agglutinins for 
Brucella, milk is now widely used in several 
presumptive tests to detect brucellosis-suspicious 
herds. In the brucellosis eradication program, 
some herds have been encountered in which 
the milk of a single animal reacted in high 
dilution to the Ring Test (13), yet blood serum 
from these animals did not give significant re- 
actions to the tube agglutination test (1) and 
repeated attempts failed to isolate Brucella 
from the milk of these individual cows. Studies 
to determine the nature and cause of this phe- 
nomenon resulted in the isolation of a maero- 
globulin (12 S) agglutinin for Brucella from 
milk and the development of a procedure which 
appears to differentiate this agglutinin from 
those observed concurrently with the isolation 
ot Brucella abortus. 

The 12 S Brucella agglutinating component 
has been isolated from two nonvaccinated cows 
(No. 2002 and 2159) of the type deseribed 
above, which were obtained from herds with a 
history of no Brucella infection during the 
previous + yr. These two cows have had milk 
Ring Test titers ranging from 1:400 to 1:800, 
whereas the standard tube blood serum aggluti- 
nation (1) titers have been below the reactor 
level, ranging from incomplete at 1:25 to plus 


at 1:50. During the last 22 mo. (Cow 2002) 
and 11 mo. (Cow 2159), cream and sediment 


have been cultured weekly on media (6) and 
inoculated into guinea pigs monthly. No iso- 
lation of Brucella spp. organisms has been 
obtained and there has not been any evidence 
of lesions of brucellosis or agglutination reac- 
tions of blood serum of the inoculated guinea 
pigs. 

The procedure for isolating the atypical agglu- 
tinin consisted of isoleetrie precipitation of case- 
in with acetate buffer at pH 4.6 and adsorption 
of the agglutinin from the whey on washed 
standard plate Brucella abortus antigen (1). 
Contaminating whey proteins were removed by 
repeated dispersal of the agglutinated cells in 
0.85% sodium chloride followed by centrifuga- 
tion. The agglutinin was eluted from the antigen 
by suspending in distilled water, acidifying to 
pH 3.5 with acetic acid, centrifuging to pack the 
cells, and decanting the supernatant. The agglu- 
tinin in the eluate fraction was further purified 
by precipitation with ammonium sulfate at 35% 


‘Paper No. 4573. Seientific Journal Series, 
Minnesota Agricultural Experiment Station. These 
studies were made possible in part by a grant from 
the Animal Disease and Parasite Research Divi- 
sion, Agricultural Research Service, USDA. 

“The data in this paper are to be included in 
a thesis to be submitted by A. J. Kenyon to the 
University of Minnesota in partial fulfillment of 
the requirements for the Ph.D. degree. 


saturation [1.0 volume of eluate plus 0.54 vol- 
umes of saturated (NH,).SO,]. The protein pre- 
cipitated by ammonium sulfate appeared as a 
single electrophoretic peak with mobility of —1.8 
x 10° em.’ volt™ see." (1% protein in veronal 
buffer, at pH 8.6, ionic strength = 0.1, 4°C., 10 
V/em, 5,400 see., in a Klett 2-ml. cell). In the 
ultracentrifuge, approximately 96% of the pro- 
tein appeared as a peak with a sedimentation 
constant (So.w) of 11.7 S (1.5% protein in 
0.85% NaCl, 0.04 M Na.HPO,, pH 7.6 at 20°C.), 
the remainder being divided between slightly 
larger and slightly smaller components. The pro- 
tein was isolated from several lots of the milk 
of each cow in various stages of lactation. The 
electrophoretic and ultracentrifugal patterns 
were identical for all preparations. 

When this high molecular weight agglutinin 
was subjected to 0.01 M mereaptoethanol, at pH 
7.6 in phosphate buffer for 24 hr. at 37°C., the 
Ring Test titer was decreased by 97%. This 
effeet was measured by making a serial dilution 
of the protein solution in milk and testing for 
presence of the agglutinin by the Ring Test. The 
titers before and after treatment with the re- 
ducing agent were positive at the 1:900,000 and 
1:30,000 dilutions, respectively. The reduction 
produced a protein component with a sedimenta- 
tion constant similar to that of bovine blood 
gamma globulin (7.38). This observation sug- 
gested a differential procedure for distinguishing 
the 12 S agglutinin from specific Brucella agglu- 
tinins. Rennet wheys from the milks of Cows 
2002 and 2159 gave strong whey plate aggluti- 
nation (2,3) titers (Table 1), but these were 
abolished by treatment with 0.01 M mercapto- 
ethanol at pH 7.6 for 24 hr. at 37° C. On the 
other hand, the whey plate agglutination titers 
of six cows known to be infected with Brucella 


TABLE 1 


Effect of treatment with 0.01 M mercaptoethanol 
for 24 hr. at 37° C. on whey plate agglutination 








titers. Whey Samples 1 through 6 are from 
known Brucella-infected cows 

Titer of Titer of 

untreated treated 

Sample wheys * wheys * 
2002 an) | aaa 
2159 7. os 
1 ——— if 

2 a +++-—— 

3 ttt os 

4 +-++++ ++++-+ 

5 se i a a ao ae 

6 es +++—— 





“Quantities of whey used for each of five dilu- 
tions were 0.08, 0.04, 0.02, 0.01, and 0.005 ml.; 
and the agglutination reactions were recorded as 
negative or positive for each dilution or quantity 
of whey (2, 3). 
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were not decreased when thus treated with 
mercaptoethanol. 


Presumably, the agglutinin described herein 
ean be validly classified as a macroglobulin, on 
the basis of its sedimentation constant of 11.78 
at 1.5% concentration and its insolubility in 
water. The sedimentation constant is undoubt- 
edly somewhat higher at infinite dilution. This 
protein evidently differs from the nonspecific 
bovine serum agglutinin (NSBA) isolated from 
blood by Rose (14), since that had a sedimenta- 
constant (Sxe.w) of 16.9 S at 1.5% protein con- 
centration. 

The possibility that the 12 S milk agglutinin 
arose by partial dissociation of a still larger 
entity during the acidification steps employed in 
the isolation, needs to be considered in view of 
the recent publication of Rees and Resner (12). 
These workers observed, in a single sample of 
human serum, a macroglobulin that had a sedi- 
mentation constant of 19 S at pH 8.6 and that 
dissociated to 7 S components at pH 4.2. It re- 
verted to 19 S when the pH was restored to 8.6; 
thus, its reversible behavior does not necessarily 
suggest that the component reported herein (12 
S at pH 7.6) arose by irreversible dissociation of 
an originally larger component. Eu— and pseudo- 
globulins isolated from acid (pH 4.6) whey have 
been reported to contain 10-12 S as well as 18- 
20 S components (7, 15, 16). ‘ 

The action of mereaptoethanol in cleaving the 
macroglobulin to particles with a sedimentation 
constant of 7 S and in abolishing the aggluti- 
nating ability is similar to its action on such 
human macroglobulins as the rheumatoid fac- 
tor (9), cold agglutinins (5), and certain Rh 
antibodies and A and B isohemagglutinins (4). 
Macroglobulins in the human, whether anti- 
bodies or not, seem generally to be composed 
of 7 S units united by disulfide bonds which 
are readily susceptible to cleavage (8). This 
behavior is in marked contrast to the 7 S 
gamma globulins and antibodies in which the 
disulfides are cleaved by sulfhydryl compounds 
only in the presence of denaturants or after 
considerable proteolysis (10, 11). 
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INHIBITION OF THE SPERMICIDAL FACTOR(S) IN UNHEATED 
SKIMMILK BY THE ADDITION OF EGG YOLK?! 


Fresh milk, skim or whole, raw or pasteurized, 
must be heated or chemically treated with com- 
pounds containing reactive sulfhydryl groups 
(SH) to support extended livability of bovine 
spermatozoa (1,3,8,9,12). Complete protection 
is apparently afforded by the addition of SH 
compounds and, in some cases, the motility of 
spermatozoa extended in chemically treated milk 
exhibited greater motility than split-samples 
extended in heated milk (3,8,9). The spermici- 
dal factor(s) in milk and the possible role of 
SH in supporting motility have been investi- 
gated (6,8,10,12). In regard to fertility, Hay- 
den et al. (7) and Bartoff (2) have reported 
favorable results with extenders containing 
added glutathione. 

While several studies have dealt with mix- 
tures of heated milk plus egg yolk, with or 
without glycerol, as a diluent for bull semen, 
some of these indicated that extenders of this 
type are excellent for suporting spermatozoan 
motility, but inferior in maintaining fertility 
(4,11,14). 

In view of the observations that SH-treated 
milk and heated milk plus egg yolk provided an 
excellent environment for maintenance of mo- 
tility, an experiment was conducted to study 
the effect on spermatozoal motility of adding 
various levels of cysteine hydrochloride (eys- 
teine HCl) to an unheated skimmilk-egg yolk 
diluent. In addition, a field trial was initiated 
to determine if the addition of egg yolk to un- 
heated skimmilk would inhibit, from a fertility 
standpoint, the spermicidal factor(s) normally 
present in unheated milk. 


EXPERIMENTAL PROCEDURE 


Fresh pasteurized skimmilk was obtained 
from the University dairy plant and divided 
into two portions. One portion was heated to 
92 to 95° C. and held at that temperature for 
10 min. (1), then cooled under running tap 
water, while the remaining portion was used 
without heating. To both the heated and un- 
heated portions of skimmilk enough fresh egg 
yolk was added to provide a final concentration 
of 10% by volume. The unheated skimmilk—-egg 
yolk mixture was further subdivided into five 
equal portions to which cysteine HCl was added 
at the rate of 0.0, 0.5, 1.0, 1.5, or 2.0 mg. per 
milliliter. Antibiotics were added to all ex- 
tenders to provide a final concentration of 
1,000 units and 1,000 gamma of penicillin and 
streptomycin per milliliter of extender, respec- 
tively. All samples were again subdivided and 
elycerol was aded to one portion to a concentra- 
tion of 16% on a volumetric basis. 

Supported in part by grants-in-aid from the 
Chas. H. Hood Dairy Foundation and the New 
England Artificial Breeding Council. 


Semen samples from seven bulls, routinely 
used in the University dairy herd, were added 
to each of the nonglycerol-containing fractions 
to provide a final dilution ratio of 1:75, held 
at 32° C., and allowed to cool over a period of 
3 hr. to 5°C. Then the glycerol-containing 
fractions were added in four equal parts, each 
at successive 15-min. intervals. Thus, the basic 
extender for each treatment consisted of 82, 10, 
and 8%, respectively, of skimmilk, egg yolk, 
and glycerol (MYG). The extended semen was 
transferred to 12-ml. glass tubes stored at 5° C. 
and motility estimations made immediately and 
after one, two, four, seven, nine, 11, and 14 
days of storage. Each treatment sample was 
numerically identified from random numbers 
prior to motility estimation to prevent possible 
bias on the part of the observer. 

Subsequent laboratory studies indicated that 
for egg yolk to provide protection comparable 
to cysteine HCl, the concentration of egg yolk 
needed to be increased. Consequently, the ex- 
tender, (for the field trial), was prepared as 
outlined above with the following exceptions: 
(a) the skimmilk was not heated or chemically 
treated, (b) the egg yolk concentration was 
increased from 10 to 15%, and (¢) the glycerol 
was increased from 8 to 10%. 

Twenty-nine ejaculates of semen from seven 
Guernsey bulls housed at the New Hampshire- 
Vermont Breeding Association were employed. 
A split-sample technique (5) of 2 wk. duration 
for each treatment was employed, involving two 
groups of 15 technicians each. The control 
extender was heated whole homogenized milk 
plus 10% glycerol (MG) (1). 

Twenty-nine paired samples of the treated 
and control semen, identical to those shipped 
to each technician group, were sent to the 
University laboratory for motility and pH 
studies. Upon arrival, the pH was determined 
on an aliquot of each sample, while the re- 
mainder was stored at 5° C. and motility esti- 
mated on one, four, eight, and 12 days of 
storage. Following the 12th day of motility 
estimation, pH was again determined. 


RESULTS AND DISCUSSION 


The progressive motility values of 42 and 44, 
Table 1, indicated that 10% egg yolk was 
nearly as effective in inhibiting the spermicidal 
factor in unheated skimmilk as egg yolk plus 
heat treatment. A cysteine HCl level of 0.5 
mg. per milliliter was as effective for main- 
tenance of motility as either the 1.0- or 1.5-mg. 
levels. This is in possible contrast to the report 
of Johnson et al. (8), who found 1.0 mg. per 
milliliter slightly more effective than 0.5 or 2.9 
utilizing skimmilk without the addition of egg 
yolk. Regression (13) of motility on added 
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TABLE 1 


Effect of varying levels of cysteine hydrochloride 

on progressive motility of bull sperm stored in 

unheated skimmilk-egg yolk-glveerol (MYG) 
(Mean of seven samples ) 


Cysteine hydrochloride 


Sani __ (mg ml 
at 5° C. Control" 0.0 056 10 15 2.0 
(days) ——_————-(“% motility )———————_ 
0 70 71 69 67 71 69 
1 70 70 70 71 71 69 
2 65 67 67 69 69 ~=68 
+ 61 61 62 64 66 61 
7 46 33 49 50 48 44 
9 26 17 35 32 28 24 
11 8 11 18 17 15 9 
14 3 2 13 5 4 2 
) 


Mean 44 42 48 47 47 4: 


“Heated skimmilk plus egg yolk. 


levels of cysteine HCl resulted in a significant 
(P < 0.05) negative linear effect, y = 46 — 2.9 


x in which y = expected motility per cent and 
x = eysteine HCl concentration in milligrams 


per milliliter. Results of the field trial, utilizing 
an extender with a final concentaration of 75, 
15, and 10% unheated skimmilk, egg yolk, and 
glycerol, respectively, are presented in Table 2. 


TABLE 2 


Percent 60- to 90-day nonreturns of semen stored 
in unheated skimmilk—egg yolk—glycerol and heated, 
whole, homogenized milk—glycerol 

Milk 


Milk—yolk 
glycerol a glycerol ; 

Non- Non- 
Bull Ist Ser. returns Ist Ser. returns 

(%) (%) 
235 3 and 58 65.5 
249 39 76.9 49 77.6 
252 31 58.1 34 85.3 
257 43 83.7 30 83.3 
258 24 62.5 23 65.2 
259 83 68.7 68 58.8 
265 121 75.2 129 70.5 

70.6 


Total 394 72.3 391 


A weighted “t” test of these data showed that 
a difference in 60- to 90-day per cent nonreturn 
of 1.82 in favor of the MG was not statistically 
significant. 

It is recognized that the number of services 
obtained in this study are too few to be of much 
importance in a field trial if the primary ob- 
jective is studying the difference between two 
extenders. However, since three of the seven 


nonreturn rates by bull were in favor of MYG, 
it is suggested that 15 per cent egg yolk will 
possibly 


detoxify the spermicidal factor(s) 
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present in skimmilk. It was of interest to note 
that when the results were subdivided by day 
of service, the fertility of semen stored in the 
MYG diluent was higher than MG on Day 1 
(day after collection) but lower on Days 2, 3, 
and 4. 

Motility estimations and pH determinations 
on split-samples of semen used in the field 
trials are presented in Table 3. There was a 
significant difference (P < 0.001) between the 
per cent progressive motilities in favor of the 
MYG extender, which was attributable to the 
differences exhibited on Days 8 and 12. The 
pH values showed a highly significant difference 
between the MG and MYG extenders, with the 
pH of the MYG being consistently lower on 
both Days 1 and 12. A greater decrease in pH 
from Day 1 to 12 was also noted with the MYG 
extender as compared to MG, 0.13 vs. 0.06, 
respectively. The significance of the pH mo- 
tility relationship, if any, is not clear in respect 
to which is cause and which is effect. Likewise, 
the effects of pH, motility, and skimmilk egg 
yolk combination on fertility are not well de- 
fined. 

These results tend to agree with the findings 
of others (4, 11, 14), in that, although milk-egg 
yolk extenders are excellent for maintenance 
of motility during storage, fertility as measured 
by 60- to 90-day nonreturns were not improved 
over the controls. 
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It is a pleasure to represent the United States 
at this meeting on dairy problems in Latin 
America at the invitation of the Secretary Gen- 
eral, Food and Agriculture Organization of 
the United Nations. I had the pleasant expe- 
rience in 1942-43 to spend considerable time 
in seven countries of Central and South Amer- 
ica, working with your dairy people on inereas- 
ing milk production. It is obvious that mueh 
progress has been made during the past 20 yr. 
In keeping with the request of the Director 
General in his kind invitation, it now becomes 
a pleasant task to review the present dairy 
situation in the United States. 


MILK PRODUCTION AND UTILIZATION 


The output of milk in the United States in 
1960 amounted to 122.9 billion pounds. There 
has been an increase in production from 117.3 
billion pounds in 1950 to a high of 124.9 billion 
pounds in 1956, followed by a slight decrease 
in 1958 and 1959. The upturn in 1960 resulted 
in an increase of 0.9 billion pounds over 1959 
and suggests that the next few years will show 
continued increases in production. 

About one-half billion pounds were imported, 
nearly the same amount as the average for the 
past 10 yr. Total exports and shipments 
amounted to 1.06 billion pounds in 1960, com- 
pared to a high of 6.95 billion pounds in 1955, 
and considerably less than for any other year 
since 1954. Government purchases amounted 
to about 3.1 billion pounds (milk equivalent) 
in 1960, about the same as they were in 1959, 
but 2.0 billions were supplied from government 
stocks to civilian channels in the form of butter 
and cheese. Government purchases were smaller 
these last 2 vr. than in any vear since 1953, as 
were those for disposition to civilian channels. 

Milk production per capita amounted to 697 
lb. in 1960, a decline of 76 lb. since 1950. Ci- 
vilian per-capita consumption in 1960 amounted 
to 666 |lb., a decline of 75 lb. since 1950. The 
consumption of fluid milk and cream, which 
accounts for about 49% of the production, 
amounted to 338 Ib. in 1960, down 11 Ib. from 
1950. Much of the downward trend in_per- 
capita consumption, calculated on a milk equiv- 
alent basis, is due to the decrease in the con- 
swuption of milk fat. While the major decrease 
in the consumption of butter took place in the 
early 1940's, it has continued to decrease from 


Presented at the FAO Meeting on Dairy Prob- 
lems in Latin America, Sad Paulo, Brazil, April 
11-20, 1961. 


10.7 lb. in 1950 to 7.8 Ib. in 1960. The demand 
for butter and other dairy products high in 
fat has shown a downward trend, while the 
demand for dairy focds high in solids-not-fat 
has shown an upward trend. As a result, the 
per-capita consumption of milk fat in 1960 
was 25 lb. in contrast to 32 Ib. 20 yr. ago. 
Consumption of solids-not-fat was approxi- 
mately 48 lb. per person in 1960, compared to 
11 Ib. 20 yr. earlier. Products such as liquid 
skimmilk, nonfat dry milk, Cottage cheese, 
frozen dairy products and, to some extent, 
cheeses are showing an inerease in per-capita 
use. 

In 1960 about 50% of the available milk 
supply was used in manufactured dairy foods. 
The production of some of the principal prod- 
ucts compared to 1950 is as follows: 


1960 
Production Per cent 
(billion of 1950 
Product pounds ) production 
Cheese 1.48 124 
Butter 1.48 90 
Frozen dairy products 
(Net milk used 9.42 137 
Evaporated milk 2.17 75 
Condensed milk 0.49 152 
Dry whole milk 0.11 86 
Nonfat dry milk 1.84 209 





Changes have taken place in the methods of 
marketing milk by farmers. In 1959, 89% was 
marketed as whole milk. In contrast to this, 
75% was so marketed in 1950 and only 55% 
in 1940. Farmers have found satisfactory sub- 
stitutes for skimmilk for feeding young ani- 
mals, pigs, and chiekens, and have discontinued 
farm separation since they receive greater in- 
come from selling whole milk. 

Prices received for whole milk delivered from 
the farm averaged $4.20 per hundredweight in 
1960, compared with $3.89 in 1950. Milk eli- 
gible for the fluid market averaged $4.71 in 
1960, and $5.02 in 1950. Milk of manufacturing 
erade averaged $3.26 in 1960, and $3.16 in 
1950. Cash receipts for milk, cream, and butter 
sold in 1960 amounted to $4.75 billion, com- 
pared to $3.72 billion in 1950. Cash dairy 
receipts in terms of total cash receipts from 
farming were 14.3% in 1960, and 13.0% in 1950. 

The number of milk cows on farms June 1, 
1950, was 21,950,000; in 1959, 17,909,000; and 
in 1960, 17,551,000. This is a decrease in the 
10-yr. period of 20%. There are signs cur- 
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rently that the decrease in the number of cows about 1 million farms in 1959. Cows are kept 
kept for milk is leveling off, and that more for milk on about half of the U. S. farms (3.7 
heifers and calves, in relation to total numbers million). The number of farms with 50 or 
of milk cows, are being saved for replacement more milk cows per herd increased 41% be- 


purposes. tween 1954 and 1959. The increase in the 

In 1958, the latest figures available, the number of milk cows kept per farm and the 
United States imported some 21,000 commer- increase in yield per cow has more than offset 
cial cows for dairy purposes. In addition, an- the reduction in herds in terms of total output 


other 26,000 head of purebred cattle, an unde- of milk. 
termined number of which were dairy cattle, 
were imported. Most of these came from Can- 
ada, with a few coming from Mexico. 

The United States exported 12,877 head of The number of milk cows on June 1 by re- 
registered dairy cattle for breeding purposes’ gions of the country for 1950 and 1959 is 
in 1960. Most all of these cattle went to various shown in the following table: 


REGIONAL SHIFTS IN COW NUMBERS AND PER 
CAPITA PRODUCTION 


Milk cow numbers and milk production per capita for different regions of the U. S. 


Milk cow numbers (thousand) Per capita production of milk * 


(June 1 inventory) 








Differ- Differ- 
Region 1950 1959 ence 1950 1959 ence 
— —( lh, j-——-—_____ 

Northeast 3,257 3,110 —J67 491 493 +- ¢£ 
Corn Belt 4,634 3,288 ~1,346 S9S 706 -192 
Lake States 4,373 4,082 —291 2,197 2,139 — 58 
Northern Plains 1,732 1,237 —495 1,749 1,456 —293 
Appalachian 2,228 1,765 —463 585 523 — 62 
Southeast 872 793 - 79 316 270 — 46 
Delta States 1,191 860 -331 507 433 - 74 
Southern Plains 1,563 886 —677 547 375 —172 
Mountain 739 652 - S7 812 707 -105 
Pacifie 1,252 1,228 — oe 617 562 - §5 


uu. 21,959 17,909 —4,050 771 692 =e 





“Computed using population figures given in series page 25, Bureau of Census, U. 8. 
Department of Commerce. 


Latin American countries and Canada. All For the United States there were 4,050,000 
five dairy breeds were represented, with the fewer cows in 1959 than in 1950. The change 
Holstein-Friesian representing 68% and the differs in different regions, the Corn Belt, 


Brown Swiss 16% of the exports. Northern, and Southern Great Plains showing 

a greater decline than other regions. Farmers 

TRENDS IN COW NUMBERS AND PER-COW in these regions, particularly, have turned to 
PRODUCTION beef and hog farming. 

In the 1950-60 period, total milk produe- Along with these shifts, there has been a 

tion increased by 5.4%. The average milk pro- considerable change in the breed composition 


duction per cow has increased in this same in the national dairy herd. This is particularly 
period from 5,314 to 7,004 lb., or 31.8%. This true in the southern part of the United States, 
inerease has been brought about by the devel- where breeds with lower fat content in the 
opment of better cows through breeding, by milk are, to some extent at least, replacing the 
improvement in the quantity and quality of high-test breeds. The average fat content of 
the feed supply, and by better management. milk in 1959 was 3.77% and in 1945 it was 
For example, the quantity of grain and other 3.98%. This apparently is a reflection of the 
concentrates fed to milk cows averaged 2,129 consumer reaction for milk and other foods 


lb. in 1959 compared to 1,720 in 1950, an in- containing less fat. 
crease of 24%. The consumption of forages The table also shows the per-capita produe- 


has remained about the same. The pounds of tion of milk in the different regions. The Lake 
concentrates fed per 100 Ib. of milk produced, — States, Northern Plains, Mountain Regions, and 
however, have remained essentially the same, the Corn Belt produce more per capita than 


at about 31 Ib., over this period. the national average. This was more true in 
The number of farms keeping milk cows de- 1950 than in 1959. These are the areas where 


clined 39% from 1954-59 according to recent large quantities of milk go into manufactured 
census reports. Milk and cream were sold from milk produets. The Southern Regions produce 
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much less on a per-capita basis than the other 
regions. 

The development of roads, refrigeration, and 
refrigerated transport vehicles makes it pos- 
sible to move milk from any region to another 
and have it arrive in good sanitary condition. 
Changes have also been made in the mainten- 
ance and transporting of milk from the farm. 
Bulk holding and transport introduced less than 
a deeade ago now account for approximately 
70% of the milk supply. 


CHANGES IN NUMBERS OF MILK PROCESSING 
PLANTS 


The trend toward fewer and larger units is 
taking place in processing plants as well as on 
farms. Improved refrigeration, better roads, 
and improved milk transport equipment have 
been important factors in making this trend 
possible. Along with this consolidation has been 
an inerease in product outprt per plant. The 
following illustrates this point: 


Changes in the number and output of plants in 
U. S. manufacturing dairy products 
between 1940 and 1955 





Percentage Percentage 
change in increase 
Produet number in volume 
manufactured of plants of output 
Butter —49 + §1 
American cheese —43 +187 
Evaporated milk —34 + 58 


Nonfat dry milk +69 +159 

This trend has continued since 1955 and is 
expected to continue, but at a slower rate, in 
the future. At the same time, modernization 
and automation of plant facilities and opera- 
tions are continually being made in operations 
for the purpose of reducing labor, increasing 
efficiency, and improving the quality, appear- 
ance, and safety of the product. New kinds of 
manufactured dairy foods are coming on the 
market periodically. 


IMPROVEMENT IN MILK QUALITY AND SAFETY 


Sanitary inspection and quality control on 
dairy farms and in processing plants have 
steadily improved, thus increasing the sanitary 
quality and shelf life of milk and milk prod- 
ucts. Disease eradication programs, particu- 
larly the eradication of brucellosis, are advane- 
ing satisfactorily. Industry-supported programs 
for research, education, and advertising are 
active in trying to increase the acceptance of 
dairy foods by the public. 


CHANGES IN DAIRY FARMS AND HERD 
MANAGEMENT 


Dairy farms are increasing in size, along with 
the increase in herd size, and they are steadily 
becoming more productive in feed crops. The 





modern trend is towards loose housing for dairy 
cattle, coupled with the use of milking parlors 
and in-place machine milking equipment. Im- 
portant strides are being made on many farms 
to inerease mechanization, streamline farm and 
chore operations, and reduce the hard work 
and hours of labor required for dairying. An 
example of trends in this direction is as follows: 


Dairy labor surveys in Southern California * 


4951-1959 


Number of dairies 111 123 
Average number of cows milked per 

dairy on day of visit 168 201 
Per cent of dairies with 

pipeline milkers 13.5 47.2 
Per cent of dairies with walk- 

through milking barns 6.2 10.6 
Average number of total 

workers per dairy 4.5 3.3 
Total worker minutes daily per 

cow in herd 10.2 6.8 
Caleulated hours per cow year 62 41 
Pounds of milk per cow milked, 

day of visit 38 46 
Hours of milking and helper 

labor per 1,000 lb. of milk 4.9 2.7 





“From Dairy Labor Use in Southern California, 
1959 by H. Fisk Phelps, Extension Economist, 
Farm Management, University of California, Riv- 
erside, California. (The California Dairyman, No- 
vember 19, 1960, p. 10.) 


PROGRESS IN MILK RECORDING PROGRAMS 


One of the main problems limiting efficiency 
of production on dairy farms is the low average 
production of milk per cow. This varies a 
great deal between different herds throughout 
the United States. As indicated, the average 
yield per cow in 1959 was 6,815 lb., and it has 
been increasing at the rate of about 2% per 
year. 

Record of performance data show the fol- 
lowing relationships between level of milk pro- 
duction feed costs and returns over feed cost 
in 1959: 





Value 

Value less 

Level of Feed of feed 

production cost produet cost 
(1b.) (dollars) 

4,000 111 230 119 

6,000 147 323 176 

8,000 170 494 234 

10,000 190 464 274 


The use of record of performance informa- 
tion on dairy farms is highly desirable for 
aiding dairymen to improve the level of pro- 
duction of individual cows, and to guide them 
in breeding, feeding, management, and culling 
procedures. In the United States a Federal- 
State cooperative record of performance pro- 
gram is available to all dairy farmers on a 
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voluntary basis. Farmers themselves pay the 
cost of having their cows recorded under the 
supervision of the local State Extension Service. 
Three different recording plans are available 
to farmers, one of which will serve any farmer’s 
needs. In addition, the several breed societies 
sponsor their own official recording programs. 
The records thus obtained are made available 
to the farmer for his use. Certain records are 
also used by the State college and the U. S. 
Department of Agriculture for analysis to lo- 
cate and identify superior transmitting sires 
for use in improving the quality of dairy cattle. 

It is unfortunate that under this voluntary 
program only some 69,000 dairy herds are en- 
rolled with a total of 2.4 million cows, or 
about 13.4% of all milk cows. Since this data 
gives the Extension Services much valuable 
educational information, and since it is in the 
interest of farmers for their own benefit to 
participate, efforts are continually made to in- 
crease the numbers of herds in the program. 
For instance, the average milk yield of the 
cows in the record of performance program in 
1959 was 10,327 lb., compared to the 6,815 Ib. 
for all milk cows. 


ARTIFICIAL INSEMINATION INCREASES 


Artificial insemination has become widespread. 
In 1959, 930,059 herds and 6,932,294 cows were 
enrolled in the program. This is 38.7% of all 
dairy cows of breeding age. There are 62 arti- 
ficial insemination studs with 2,544 sires in 
this program. Nearly 40% of the insemination 
matings are to production proved bulls of su- 
perior merit. One bull recently was reported 
as having sired 90,000 calves in one association 
alone, 


DAIRY FEED SUPPLY AND QUALITY IMPROVED 


The feeding program on most dairy farms is 
based on an adequate home-grown forage supply 
consisting of pasture, hay, and silage (corn 
and grass silage). The forage is supplemented 
according to rate of milk production by con- 
centrate mixtures carrying a protein content 
from 14 to 20%, depending on the quantity 
and quality of forage. The usual rate of con- 
centrate feeding is 1 lb. of concentrates for 
2% to 4 lb. of milk produced daily. Much at- 
tention is given to improving the quality of 
forage, since it is depended on heavily to sup- 
ply protein and minerals. Most of the hay is 
baled, and increasing quantities of it are being 
pelleted for transport and feeding. With new 
machinery, many farmers are cutting forage 
and feeding it in the yards as green chop, 
rather than pasturing. Corn forage is the most 
popular silage, but increasing amounts of grass 
and legume forage are made into silage as an 
alternative to making hay, since more of the 
harvested nutrients can be saved. Increasing 
quantities of dairy cow concentrate mixtures, 


as well as calf starters and milk replacers, are 
pelleted for feeding. 


RESEARCH AND EDUCATION AID DAIRY 
INDUSTRY PROGRESS 

The dairy industry is supported by active re- 
search and extension programs carried on in 
the U. S. Department of Agriculture and in 
each of the State Agricultural Experiment Sta- 
tions, where some 13,000 scientists are employed. 
An inereasing amount of research is also done 
by commercial concerns, such as food companies, 
dairy processing firms, ete. 

Well-developed research programs, within the 
several states, by regions and nationally, are 
in progress. This research concerns itself with 
a variety of problems important to the dairy 
farmer, the processor and marketer of milk 
and milk products. 

In production, research concerns itself with 
breeding investigations to improve the per- 
formance of cattle in particular regions for 
milk yield, reproductive efficiency, longevity, 
and the compositional quality of milk. Investi- 
gations also deal with blood antigen properties 
in relation to genetie traits. Research is in 
progress on the physiology of reproduction and 
lactation and various aspects of artificial in- 
semination. Nutritional and feeding research 
deals with nutritional requirements of dairy 
animals for growth, reproduction, and lacta- 
tion, on the nutritional content of feeds and 
factors that influence these qualities, on im- 
proved methods for estimating feeding values 
of feeds, on use of chemicals in feed produe- 
tion and feed utilization, on utilization of ra- 
tional regimes, on pasturage, ond on raising 
calves and herd replacements. Other research 
includes investigations on milking procedures, 
housing, feeding and other chore procedures, 
use of equipment, and handling milk on farms. 
Research on control and elimination of diseases 
and parasites is receiving increasing attention, 
particularly with the development of the new 
National Animal Disease Research Laboratory 
at Ames, Iowa. 

On the processing and marketing, consider- 
able research deals with improving the quality 
and shelf life of milk and dairy produets, de- 
veloping new kinds of dairy foods, new nonfood 
uses for milk constituents, new processing pro- 
cedures and processing equipment, improved 
packaging and marketing, such as the use of 
vending machines, improved market outlets, and 
automation to improve efficiency and lower la- 
bor costs. 

Research programs are emphasizing basie in- 
vestigations to increase the knowledge of un- 
solved basie biological laws that will provide 
added information with which to solve pressing 
problems facing the dairy industry. 

The Federal and State Extension Services, 
including the local county agent and some 
15,000 workers, are engaged in agricultural and 
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dairy extension. These workers engage in ear- 
rying the results of research and other pertinent 
education to the farmers and dairymen and to 
the dairy processing establishments. An _ in- 
creasing amount of professional service is given 
to dairy farmers by representatives of various 
commercial concerns such as feed manufacturers, 
implement and equipment manufacturers, and 
the chemical industries. 





DAIRY SCIENCE 


Dairy foods are the largest single item in 
weight in the diet of the people in the United 
States. The dairy industry, while it has been 
undergoing significant changes, is constantly 
striving to improve its economic position, to 
increase the quality and value of dairy foods, 
and to hold this important market for the 
product of the dairy cow. 
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MANUFACTURING SECTION 


Ml. The evaluation of filling operations. 
R. B. Maxcy, University of Nebraska, Lincoln. 

Modern high-speed filling operations han- 
dle large amounts of milk with an inherent 
risk of delivering less than regulations de- 
mand. Also, excess delivery is a direct loss 
to the manufacturing operation. 

Paper container filling operations of the 
University Dairy Plant and three commercial 
operations were evaluated. The nature of 
the variation was studied by analyzing the 
components of variation of the packages. The 
individual components as well as the gross 
weight gave a pattern of variation with a 
statistically normal distribution. Thus, the 
relationship of the variations could be ex- 
pressed by the formula S.° = S,° + 8S.’ + S; 
+ ... + Si. The major component of the 
deviation was attributable to milk. It was, 
therefore, apparent that gross weight was ade- 
quate as a nondestructive method for normal 
evaluation purposes. 

With a sample size of approximately 200 
units, the standard deviation varied from 3.4 
to 7.7 g., reflecting the comparative efficiency 
of the mechanical design of the filling ma- 
chines. In addition, these data made possible 
the selection of a sample size for basie checks 
and for routine control purposes for the indi- 
vidual machines. 


M2. Effect of chlorinated-detergent solution 
temperatures on the sanitary condition of a 
C-I-P farm milk pipeline. B. H. SnuppEN, 
H. EK. CALBert, AND W. C. Frazier, University 
of Wisconsin, Madison. 

The sanitary condition of a 160-ft. stainless 
steel C-I-P farm milk pipeline was evaluated 
during three 6-mo. periods. Cleaning and 
sanitizing procedures were kept constant, ex- 
cept for the temperature of the chlorinated- 
detergent solution which was varied as fol- 
lows: Period A—temperature was maintained 
in range of 150-160° F.; Period B—initial 
temperature was 160° F., then was allowed 
to drop during normal recireulation to 100- 
105° F.; Period C—initial temperature was 
125° F., then cooling was to 93° F. during use. 


Bacteriological examinations at biweekly in- 
tervals were made on four of the stainless steel 
test strips contained in the pipeline. Counts 
of 100 or less per 8 sq. in. were considered 
satisfactory. 

There was a significant difference in the 
bacteriological condition of the pipeline before 
sanitizing between Period C and Periods A 
and B. There was no significant difference 
between Periods A and B. Following sani- 
tizing, there was no significant difference in 
the results obtained during any of the periods. 
All showed a very satisfactory bacteriological 
condition. 


M3. Some detergency effects of chlorinated 
trisodium phosphate on milk protein soils. 
EK. P. Merriiu, 8. T. Bass, anp J. M. JENSEN, 
Michigan State University, East Lansing. 

A method was developed to evaluate the 
action of chlorination on protein solubility 
and to determine necessary conditions for its 
use. 

Milkstone-like soils were prepared by dip- 
ping 22- by 50-mm. micro cover glasses me- 
chanically into an aqueous milk plant clarifier 
slime suspension. Hardness and tenacity were 
imparted to the films by heating and adding 
trisodium phosphate, calcium chloride, and so- 
dium hypochlorite, either separately or con- 
currently, in alternate dipping solutions. 

After weighing and after exposure to a 
detergent treatment, the glass film supports 
were broken quantitatively into 50-ml. micro- 
Kjeldahl flasks for nitrogen determination. 

When maintained at pH 1145+ .05 at a 
temperature of 65 to 55° C. for 10 min. with- 
out agitation, the chlorination of trisodium 
phosphate increased the protein removal, using 
either tap or distilled water. An optimum 
level of chlorination was not observed. In- 
creased chlorination resulted in increased pep- 
tization. The method also allowed a visual 
qualitative evaluation of detergent effective- 
ness. 


M4. Establishing a homogeneous taste panel. 
T. J. Mucua anp K. E. Netson, Eastern Uti- 
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lization Research and Development Division, 
USDA, Washington. 

An organoleptic method is deseribed which 
has been used sueeessfully in sereening and 
establishing a homogeneous expert taste panel. 

This sereening method involves the prepara- 
tion of samples to obtain flavor intensities 
within a desired range, the presentation of 
samples to avoid biasing, ealeulation of data, 
and interpretation of the results. 

A simple method of caleulating and ana- 
lyzing the flavor data resulting from the paired 
comparison study is described. It requires 
the totaling of deviations obtained by apply- 
ing a value of two toe the chosen sample and 
one to the remaining sample of the pair. The 
individuals having the lowest total deviations 
(disregarding signs) in the sereening are 
chosen for the potential taste panel. 

Sereening alone will not assure a homoge- 
neous taste panel; it only segregates those 
individuals who ean discriminate a pleasant 
and an obnoxious off-flavor from those who can 
evaluate only one or the other, as well as 
those who are commonly referred to as being 
taste-blind. It has been found necessary to 
train the judges so that they will respond 
similarly to the same stimuli. 

Regression analyses indicate that very low 
correction factors are required to adjust the 
seores of the judges who have been sereened 
and trained according to this method. 


M5. Statistical correlation between consumer 
reaction and organoleptic analysis of feed- 
flavored milk. T. J. Cotson anp R. Basserte, 
Kansas State University, Manhattan. 


This study was designed to determine, first, 
how consumers would react to milk flavored 
by three feeds: sorghum silage and rye and 
brome pastures; second, if results of an ex- 
perienced flavor panel can be used to consis- 
tently indicate consumer acceptance of various 
degrees of these three flavors. 

Milk was collected from seven cows repre- 
senting five major breeds during all feeding 
trials. Thirty-nine multiple-quart customers 
of the University’s retail route received some 
of the coded experimental milk as a portion 
of their regular milk order at various times 
throughout the trial. Returned milk, by pre- 
arranged agreement, was used to measure con- 
sumer acceptance. Experimental and regular 
control milk was scored by the panel the same 
day it was delivered. 

Neither the panel nor the consumers dis- 
tinguished flavor differences between silage 
experimental milk and control milk. The data 
revealed that the log per cent consumer ac- 
ceptance of rye- and of brome-flavored milk 
gave no linear relationship with the panel 
scores. Correlation coefficients were 0.2560 
for brome- and 0.4398 for rye-flavored milks. 
F-tests for variance showed some significant 





differences among panel judges at the 5% 
level. 


M6. Studies on flavor components from La- 
dino clover. A. E. Woops, L. W. AurAND, AND 
W. M. Roserts, North Carolina State College, 
Raleigh. 

Studies were carried out in an attempt to 
isolate and identify the component(s)  re- 
sponsible for the grass-like flavor present in 
milk from cows pastured on Ladino clover 
during the spring growing season. Prelim- 
inary studies indicated that the main volatile 
constituents of Ladino clover were carbonyl 
compounds. Comparative assays were per- 
formed on the elover from different growing 
seasons. At least eight volatile carbonyls, 
from the clover, were isolated and identified. 
Acetaldehyde, acetone, and methyl ethyl ke- 
tone were shown to be present in milk con- 
sidered to be of good quality. In addition to 
the three above-named carbonyls, isobutyral- 
dehyde and isovaleraldehyde were isolated and 
identified in milk from cows pastured on La- 
dino clover. High-vacuum and low-temperature 
distillation, gas chromatography, keto-hydra- 
zone exchange, and infrared spectroscopy were 
used in the isolation and identification. 


M7. The mechanism of spontaneous peroxi- 
dation in milk. G. J. Smiry anp W. L. DunK- 
LEY, University of California, Davis. 

The importance of copper and ascorbic acid 
in the spontaneous production of oxidized fla- 
vor in milk has been studied by the use of 
specific reagents. The specific cuprous re- 
agent, neocuproine (2,9-dimethyl-1, 10-phenan- 
throline) completely prevented peroxidation 
as measured by TBA and organoleptic tests. 
Ascorbie acid was removed nonspecifically by 
light and hydrogen peroxide and more spe- 
cifically by erude ascorbic acid oxidase. In 
all trials with spontaneous milk, peroxidation 
was prevented by the removal of the ascorbic 
acid, and on its readdition (20 mg/liter) per- 
oxidation occurred. 

Up to 70% of the xanthine oxidase was 
inactivated by hydrogen peroxide treatment, 
but on readdition of ascorbic acid there was 
greater peroxidation than occurred previously. 
Antioxidants may have been inactivated by 
this treatment. 

It is coneluded that copper and ascorbic 
acid are essential pro-oxidants in the spon- 
taneous oxidation of milk. 


M8. The effectiveness of nitrogen and sul- 
fur chelating compounds in inhibiting the de- 
velopment of oxidized flavor in milk. P. F. 
Prerpont, C. M. Sting, AND G. M. Trovt, 
Michigan State University, East Lansing. 
The present investigation was designed to 
compare the effectiveness of the caleium-so- 
dium salt of ethylenediaminetetraacetie acid 
(EDTA), carboxymethylmercaptosuecinic 
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(CMMS), and the monolaury] ester of carboxy- 
methylmereaptosuceinie acid in inhibiting the 
development of oxidized flavor in milk. 

Mixed herd milk, used in all trials, 
pasteurized at 143° F. for 30 min. 

The chelating agents were added to the 
copper-treated milk before and after pasteuri- 
zation. 

Copper was added in concentrations of 0.1 
and 0.5 p.p.m. The chelating compounds were 
added at concentrations equivalent to 1, 5, 
10, 100, 1,000, and 4,349 times the amount 
stoichiometrically necessary to chelate the 
added copper. 

Qualitative and quantitative evaluations of 
the control and treated milk were obtained 
by organoleptic examination and from the 
determination of thiobarbituric acid and per- 
oxide values. 

The salts of EDTA were very effective in 
inhibiting oxidized flavor development in milk 
when they were present to the extent of 100 
times the amount necessary to chelate the 
added copper. CMMS and the monolauryl 
ester of CMMS failed to prevent completely 
the development of oxidized flavor in the pres- 
ence of added copper under the experimental 
conditions. 


was 


M9. Flavors imparted to dairy products by 
derivatives of phenol. J. A. SCHLEGEL AND 
F. J. BaBet, Purdue University, Lafayette. 
Chlorophenol was detected in milk organo- 
leptically when 0.05 p.p.m. of phenol and 20 
p.p.m. of chlorine (as hypochlorite) were 
added. Increasing the phenol concentration 
to 0.25 and 0.5 p.p.m. gave proportionately 
more chlorophenol flavor, even though the 
chlorine content was kept constant. The small- 
est amount of chlorine that would impart a 
chlorophenol flavor to milk containing 0.1 
p-p.m. of phenol was 5 p.p.m.; this result was 
obtained when the solution added contained 
4,000 p.p.m. chlorine. To form chlorophenols 
in milk, it was necessary to add the phenol 
first, then the chlorine. As the concentration 
of chlorine in a solution added to milk con- 
taining phenol was increased, a progressively 
smaller concentration of chlorine in the milk 
gave a chlorophenol flavor. The following are 
the smallest concentrations of phenol deriva- 
tives that could be detected in milk organo- 
leptically: o-chlorophenol, 0.25 p.p.b.; p-chlo- 
rophenol, 50 p.p.b.; 2,4-dichlorophenol, 2.5 
p.p.b.; and 2,4,6-trichlorophenol, 250  p.p.b. 
Wash water containing 0.1 p.p.m. of phenol 
and 1.0 p.p.m. of chlorine imparted a medicinal 
flavor to cottage cheese, whereas 0.1 p.p.m. 
of phenol and 10 p.p.m. of chlorine did not. 
Rubber teat inflations having a chlorophenol 
odor imparted a flavor to milk when the con- 
tact time was 3 min. 
M10. A market survey of chip dips. G. C. 


Waker, C. M. Sting, anp L. G. Harmon, 
Michigan State University, East Lansing. 
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The increasing popularity and lack of Fed- 
eral and State standards for chip dips 
prompted an investigation of the microbio- 
logical quality, chemical and physical prop- 
erties, and organoleptic characteristics of (A) 
dehydrated bases, (B) reconstituted bases, 
and (C) ready-to-serve dips. Microbiological 
data indicate that, in general, the ready-to- 
serve dips had lower bacterial counts, and 
higher yeast and mold counts than the dehy- 
drated bases. This may be partially accounted 
for by the low pH values (4.05-5.65) of the 
ready-to-serve dips which would tend to in- 
hibit more bacterial species than yeast and 
mold organisms. Fat and moisture values 
varied within each group of samples (A, B, 
or C), but samples of the same identity within 
each of these groups showed only small varia- 
tions. Penetrometer values indicated that the 
ready-to-serve dips were softer or more plas- 
tic than the reconstituted dips. The hedonic 
rating system was used for the determination 
of the organoleptic seore. The main flavor 
criticisms were (B) stale powder, chalky, or 
oxidized; (C) lack of flavor, and sour. Criti- 
cisms of body and texturs were (B) gummy, 
doughy, over-stabilized; (C) weak. In gen- 
eral, the ready-to-serve dips were more ac- 
ceptable than the reconstituted bases. 


Mill. Effect of previous heat treatment and 
added solids-not-fat on the body of cultured 
cream. E. S. Gursrie, Cornell University, 
Ithaca, New York. 

The evaluation of the quality of the body 
was determined by the Hilker-Guthrie Sour 
Cream Body Tester that measured the plas- 
ticity and viscosity, the amount of extraneous 
moisture, and the texture as indicated by 
smoothness or graininess. 

Previous heat treatment, such as that of 
former pasteurization, resulted in a weak 
body. Double homogenization, however, largely 
corrected this difficulty. The addition of milk 
solids-not-fat, whether in the form of dried 
skimmilk, dried buttermilk, or fresh concen- 
trated milk, did not improve the body of this 
product when the creams were the regular 
ones from the Cornell University herds. The 
amount of the solids-not-fat added was 3% 
of the solids-not-fat in the cream. When the 
milk was obtained from selected low-solids 
cows and the resulting cream processed, the 
addition of solids-not-fat up to 12% of the 
solids-not-fat in the cream made no improve- 
ment. This addition brought the solids-not-fat 
in the cream up to the composition of the av- 
erage cream of all the herds. 


M12. An investigation of an abnormal freez- 
ing characteristic of some milks. J. S. E. 
SarGent, A. G. Leecarr, D. R. Arnorr, anp 
D). A. Biegs, Ontario Agricultural College, 
Guelph, Ontario, Canada. 

A large number of raw milks, sampled from 
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farm tanks in the Provinee of Ontario, ex- 
hibited an abnormal freezing phenomenon. 
The freezing-point depression of these milks 
could not be determined with the Fiske Milk 
Cryoseope, owing to the formation of shell 
ice on the inner walls of the freezing point 
tube at a temperature 1.0 to 2.5° C. above the 
expected freezing temperature. 

Investigation showed that milks which were 
abnormal in this respect would freeze in a 
normal manner after being heated to 40° C. 
for 5 min., but would again exhibit the ab- 
nomality following storage at 3 to 5° C. for 
1 to 5 hr. Normal raw milk exhibited the 
abnormal freezing characteristic when con- 
taminated with as little as 2% of a milk 
which had exhibited the abnormal freezing 
phenomenon. The abnormal freezing charac- 
teristic could be carried through a series of 
sterile skimmilks by ineubation at 3° C. and 
transfer at 72-hr. intervals. A bacteriological 
analysis of some of the raw milks exhibiting 
the abnormality led to the isolation of several 
organisms which, when propagated in sterile 
skimmilk, imparted to it the same abnormality. 


M13. Production of sulfur compounds in 
skimmilk heated by direct steam injection. 
C. W. Dinu, W. M. Roserts, anp L. W. Aur- 
AND, North Carolina State College, Raleigh. 
The effects of direct steam injection heating 
on the development of sulfur compounds in 
skimmilk were studied. Temperature was 
varied from 160 to 300° F. and time ranged 
from 15 to approximately 150 see. Two differ- 
ent methods of cooling were employed. First, 
the milk was discharged from the holding tube 
into an Aro-Vae vacuum chamber, where the 
temperature was lowered to approximately 
130° F. with subsequent cooling to 40° F. In 
the second, the milk was diverted directly from 
the holding tube into a plate cooler, where 
the temperature was lowered to 40° F. Sinee 
dilution oceurred in the nonvacuum-treated 
samples, results were corrected for dilution. 
Sulfhydryl concentrations were determined by 
argentometric-amperometric titration immedi- 
ately after treatment and at daily intervals 
for five days. The sulfhydryl titers increased 
with increasing heat treatment for both vac- 
uum- and nonvacuum-treated samples up to 
a point, beyond which the titers decreased 
in those samples subjected to vacuum treat- 
ment. Two explanations are suggested: A 
chemical change and/or a volatilization of 
sulfur-containing compounds due to the in- 
creased steam treatment. The remaining heat- 
activated sulfhydryl titers of all milk samples 
decreased during storage concomitant with 
decreases in cooked flavor as determined or- 
ganoleptically. 
M14. Effect of heat treatment on the vis- 


cosity of model milk systems. G. A. Muck 
AND J. Topias, University of Illinois, Urbana. 
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The systems investigated included a 5% 
lactose solution, 15% suerose solution, milk 
salts mixture, sodium ecaseinate suspension, 
skimmilk, whole milk, 16% total solids skim- 
milk, an ice milk mix, and an ice cream mix. 
The viscosity of these systems was studied, 
beth in the presence and absence of locust 
bean gum, algin, earrageenin, and carboxy 
methyl cellulose. Liquids were heated to a 
number of temperatures in the range of from 
200 to 305° F. in a Mallory heater. Viseosity 
measurements were performed at 40° F. using 
the Héppler instrument. 

Heat treatment produced a slight increase 
in the viseosity of skimmilk, whole milk, and 
systems containing 16% milk solids-not-fat. 
A greater increase in viscosity was observed 
in more complex systems, such as ice milk and 
ice cream mixes. An explanation of this effect 
is based on an interaction between milk 
solids-not-fat, sugar, and milk fat. The con- 
tribution of the fat is large. All milk systems 
containing gums exhibited greater increases 
in viscosity than would have been anticipated 
from consideration of the same systems with- 
out gums and the effect of heat treatment on 
the water solutions of the gums. The milk 
systems containing carrageenin showed evi- 
dence of greater interaction with milk pro- 
teins with more intense heat treatment. 


M15. Sanitary aspects of condensers in milk 
plants. A. H. Risnor, H. C. JACKSON, AND 
R. A. Marguarpt, University of Wisconsin, 
Madison. 

An investigation, sponsored by the National 
Institute of Health, was undertaken to deter- 
mine whether the water used in direct con- 
densers enters, and therefore contaminates, 
the vapor discharge tube or the vapor dome 
of evaporators. 

The sodium chloride-silver chromate reac- 
tion was used as an indicator of entrance and 
contamination. Silver chromate—impregnated 
filter paper targets were suspended in the 
vapor discharge tube and in the vapor dome. 
Sodium chloride was added to the condenser 
water. 

Tests were made under four normally oe- 
curring conditions : 

1. Flow of condenser water prior to starting 
the vacuum pump. 

Flow while drawing the vacuum. 

Flow under evaporating conditions. 


He OO Lo 


Behavior under shutdown conditions. 


Large drops of salt solution show white or 
gray spots on targets; fine spray or mist 
shows numerous minute dark spots. 
turn gray on continued exposure. 

Splash on targets, contamination, was noted 
under conditions (1), (2), and (4), and oe- 
casionally under condition (3). 


These 
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Findings indicate that some direct conden- 
sers should be modified in design to eliminate 
present potential public health hazards. 


M16. Size of particle in sterile concentrated 
milk as related to concentration. H. K. Wi1- 
son, U. Yosuino, anp E. O. Herre, Univer- 
sity of Illinois, Urbana. 

Ultracentrifugation studies of milk steri- 
lized by ultra high temperatures have shown 
that with increased temperature, sedimenta- 
tion constants increased. Sedimentation stud- 
ies of reconstituted concentrated milks showed 
that milks reconstituted immediately after 
concentration had sedimentation constants ap- 
proximately the same as the milks after pre- 
heating. Constants of the same milks recon- 
stituted after sterilization were much higher. 
This study was undertaken to determine the 
relationship between concentration and size 
of particle after sterilization at a given tem- 
perature. To minimize the interference of 
fat in the determination of sedimentation con- 
stants, fat was removed by centrifugal separa- 
tion of the raw milk at 100° F. Preheating 
(180° F., 4.16 see.) and sterilization (293° F. 
no hold) temperatures used, had been found 
to cause minimum clustering of protein par- 
ticles. Portions of the preheated milk were 
concentrated 3:1, 2:1, and diluted one-third 
with deionized water. Logs of the sedimenta- 
tion constants of the reconstituted sterile con- 
centrated milks and sterile normal and di- 
luted milks, when plotted against concentra- 
tion, formed a straight line which intersected 
the zero concentration axis at the log of the 
sedimentation constant of the smallest micelle 
reported by Ford and Ramsdell. The relation- 
ship of the particle size to sedimentation con- 
stant can be expressed by the equation 

a 18y 


S  p—po 
M17. Effect of homogenization on the oxi- 
dative stability of fat in sterilized milk. EF. O. 
HeRREID AND H. K. Witson, University of 
Illinois, Urbana. 

Milk was sterilized at 292 + 0.5° F. for 2.08 
sec., homogenized at 155 and at 250° F. at 
2,500 (first stage) and 500 p.s.i.g. (second 
stage), and stored at 40, 70, and 100° F. for 
10 to 13 wk. Peroxides were estimated weekly 
by the method of C. M. Stine et al. (J. Dairy 
Se1., 37: 202. 1954). 

Peroxide values for fat from unhomogenized 
milk stored at 70° F. were more than twice 
those for the same milks at 100° F., and at 
10° F. they were about 20% lower. There 
was a fourfold increase in peroxide values 
for fat from unhomogenized milk stored at 
70° F., as compared to homogenized milk, and 
about a threefold increase for the same com- 
parisons for milks stored at 100° F. for 10 
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wk. The fat from milk homogenized at 250° F, 
had slightly lower peroxide values than that 
homogenized at 155° F. Milk containing 4.6% 
fat had higher peroxide values than the same 
milk standardized to 3% fat with its own 
skimmilk. 

Breaking the fat emulsion with the nonionie 
reagent in an atmosphere of nitrogen decreased 
the peroxide values 44% as compared to break- 
ing it in the natura] atmosphere. 


M18. Contact angle measurements of milk 
constituents and milk powder. ©. H. Pyne 
AnD S. T. Couurer, University of Minnesota, 
St. Paul. 

Contact angle is the classic method of deter- 
mining wettability, the interfacial relation- 
ship of a solid, liquid, and gas. There are 
several methods of determining contact angle: 
one, a drop size computation method, based 
on the drop forming a spherical segment, was 
adapted to the measurement of the interfacial 
relationship of water, milk solids, and air. 
Two surfaces of dry milk solids were studied, 
the dry milk particle surface and the dry milk 
powder surface. The contribution of the in- 
dividual constituents to the surfaces was meas- 
ured. Water was shown to form a contact 
angle of 30° on NFDM particle surfaces. 
From a computation based on the contribu- 
tion of the individual constituents, it is esti- 
mated that 43% of the surface area is oceu- 
pied by milk proteins. The contact angle of 
NFDM powder surfaces was related to the 
particle surface, particle size, and packing. 
The contact angle of DWM particle surfaces 
was related to fat concentrations, solids-not- 
fat and the physical state of the fat. Centact 
angle increased with increase in concentrations 
ot solid fat. DWM powder surfaces were in- 
fluenced in the same manner as the particle 
surface by fat and the physical state of the 
fat. Particle size had an influence on the 
contact angle of DWM powders similar to 
that found in NFDM. 


M19. The specific surface areas of milk pow- 
ders produced by various drying methods. 
N. Howarp, K. K. Fox, V. H. Ho“sincer, anp 
M. J. PaLLanscu, Eastern Utilization Research 
and Development Division, USDA, Washing- 
ton. 

The specifie surface areas of whole milk and 
skimmilk powders produced by various drying 
methods were determined, using permeametry 
and a gas adsorption technique (B.E.T.). Per- 
meametric measurements gave results which 
correlated well with microscopic observations 
of relative particle size. High specific surface 
areas (up to 9,200 em*/gram) were observed 
for spray-dried products, whereas low values 
(2,400 to 5,600 em*/gram) were observed for 
instantized and foam-dried material. Results 
from the B.E.T. analysis correlated well for 
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most powders, but gave excessively large 
values for materials containing high levels of 
free fat. The relationships between these ob- 
servations and observed properties of the 
various powders are discussed. 


M20. Direct recovery of added ketones from 
foam-dried whole milk. F. EK. Kurtz, Eastern 
Utilization Research and Development Divi- 
sion, USDA, Washington. 

2-Butanone, 2-heptanone, and 2-tridecanone 
were incorporated into separate batches of 
butteroil. The butteroils with added ketones 
were combined with skimmilk by means of 
two homogenizations of 500-500 and 4,000- 
500 Ib., respectively. These whole milks were 
toam-dried by a standard method. The pro- 
cedure for recovering the ketones involves a 
short-path migration under a temperature dif- 
ferential at about 5 yw pressure. A liquid ni- 
trogen—cooled condenser and powder tempera- 
tures in the region of 40° C. were employed. 
The condensed volatiles and ethanolie extracts 
of the milk powders were analyzed for car- 
bonyls as the 2,4-dinitrophenylhydrazones. 
The recovery of ketones is critically dependent 
on the free-fat content of the powders. Low 
recoveries were increased substantially by 
freeing the fat through hydration of the milk 
powder. Hydration without consequent freeing 
of the fat is ineffective in increasing the re- 
covery of ketones. At a eritical moisture 
content of about 9%, determined by the 
toluene method, the free fat is increased from 
a normal of 15-18% to about 90%. Moisture 
below this level decreases the free fat below 
the normal amount and, if substantially above 
this level, decreases it below the maximum. 


M21. Direct recovery of off flavor compounds 
from foam-dried whole milk. F. E. Kurrz, 
Eastern Utilization Research and Development 
Division, USDA, Washington. 

A procedure is described for recovering off- 
flavor compounds directly from milk powder 
under mild conditions without the use of an 
organic solvent. The flavor concentrate is 
suitable for oragnoleptic, chemical, on in- 
strumental tests. The flavor compounds are 
obtained by a short-path migration at 5 yw 
pressure from powder warmed to 40° C. or 
less to a liquid nitrogen-cooled condenser. 
Milks reconstituted from oxidized powders 
before and after treatment and market milk 
with and without the condensate were evalu- 
ated by a five-man panel. The following fla- 
vors were volatile: oxidized, stale, feed, un- 
clean, astringent, and foreign. As with the 
author’s earlier findings re: added ketones, 
the procedure is made more effective by first 
freeing the fat in the powder. Typical scores 
for a control powder, the powder residue less 
volatiles after warming at 40°C. for 3 hr., 
market milk, and market milk plus volatiles, 
respectively, were: powder with 18% free 
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fat—27.0, 29.2, 37.4, 35.8; the same powder 
with fat freed to 93% —26.6, 30.6, 37.8, 26.8. A 
procedure is described for freeing the fat by 
hydrating the powder in an evacuated, iso- 
lated system. 


M22. The inactivation and reactivation of 
xanthine oxidase in processing foam-dried 
milk. G. R. GREENBANK AND M. J. PALLANSCH, 
Kastern Utilization Research and Development 
Division, USDA, Washington. 

The effects of pasteurization, condensation, 
homogenization, drying, inhibitors, and stor- 
age have been studied on xanthine oxidase 
(XO) aetivity. It has been found that heating 
whole milk to 195° F. for 15 see. inactivates 
the XO, but that when the same milk is con- 
densed to 50% total solids and homogenized 
at 4,500 p.s.i., a portion of the XO is reacti- 
vated. 6-Pteraldehyde  (2-amino-4-hydroxy- 
pteridine-6-carboxaldehyde), one of the most 
powerful inhibitors of XO, is effective when 
first added to milk, but after 4 hr. the inaeti- 
vation disappears because of a_ pteridinase 
in milk. More than 95% of the XO is inacti- 
vated when milk is exposed to sonic vibrations 
of a frequeney of 10,000 vibrations per second 
for 7.5 hr. The effeet of XO activity on the 
keeping quality of a limited number of sam- 
ples of foam-dried powder has been studied. 


M23. The progress of oxidation in the milk 
powder granule. G. R. GREENBANK AND M. J. 
PALLANSCH, Eastern Utilization Research and 
Development Division, USDA, Washington. 

Methods have been developed to separate 
the fat of whole milk powder into four frac- 
tions as follows: (1) free glycerides usually 
called free fat, (2) free lipids composed of 
the free glycerides and free phosphatides, 
(3) total glycerides, (4) total lipids composed 
of the total glycerides and total phosphatides. 
Puff-dried whole milk was stored in air at 
10° F. Samples were removed at different 
time intervals and the four fractions separated. 
An aliquot was reconstituted and scored by 
a trained panel. The free glycerides and free 
lipids began to oxidize 2 to 4 wk. before the 
total glycerides and lipids. As a rule, the 
TBA value of the fractions containing phos- 
phatides was higher than those without, 
whereas the peroxide value was lower. The 
peroxide value of the free glycerides and 
lipids was always higher than that of the 
total glycerides and lipids, and also higher in 
a relatively poor-keeping-quality powder than 
in a good sample. The score decreases with 
increased TBA value. 


M24. Effect of solid-fat/liquid-fat ratio upon 
the sinkability of dried whole milk. W. E. 
NELSON AND W. C. Winper, University of 
Wisconsin, Madison. 

In studies on sinkability (a reeonstitution 
characteristic) (J. Dairy Sei., 43: 201. 1960) 
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of dried whole milk in water at 25° C., it was 
found that nontemperature-conditioned dried 
milk of poor sinkability exhibited the same 
rate of dissolution as good sinkability tempera- 
ture-conditioned dried milk of the same lot. 
High pressure homogenization (8,000  p.s.i.) 
of milk before drying reduced the amount of 
extractable free fat of the dried milk samples, 
but did not affect their sinkabilities. Hy- 
droxylation of the unsaturated glycerides in 
milk fat reduced the sinkability of the dried 
milk made from this altered fat and skimmilk. 
This decrease in sinkability probably occurred 
because of an increase in the solid-to-liquid- 
fat ratio. Addition of sodium soap to milk 
fat produced «a similar detrimental effect, 
probably for the same reason. Dried whole 
milks made from skimmilk and different melt- 
ing point fractions of butter oil, or various 
vegetable oils, or various melting point frac- 
tions of mineral oil, exhibited sinkabilities 
corresponding to the solid-fat/liquid-fat ra- 
tios. The highest sinkabilities were always 
associated with the highest liquid-fat content, 
irrespective of the source of the fat. 


M25. Identification of substances in milk 
cultures of Pseudomonas fluorescens which 
stimulate lactic starter cultures. J. A. Ko- 
BURGER AND T. J. CLAYDON, Kansas State Uni- 
versity, Manhattan. 

Milk cultures of a strain of P. fluorescens 
incubated 10 days at 30° C. were fractionated 
in attempts to identify the stimulatory factors. 
Eight series of fractionations were made and 
fractions tested on lactic cultures. Fractions 
were adjusted to concentrations equivalent to 
the unfractionated P. fluorescens culture and 
added to lactic culture milk at the rate of 1%. 
The cell-free filtrate produced an average in- 
crease in titratable acidity over the controls of 
36% in 14 hr. at 21° C. Coagulation also oc- 
curred at lower acidities. The amino acid frae- 
tion, which contained 17 amino acids, gave an 
average increase in acidity of 13%. The frae- 
tion precipitated by acetone and ethanol in- 
creased acid production by an average of 28% 
and produced coagulation at low acidities. Auto- 
claving the precipitate destroyed both the stimu- 
latory and coagulating properties. Dialyses 
only slightly reduced the stimulatory property 
of the precipitate fraction. It appeared that 
some enzyme activity was involved in the 
stimulation, but this could not be clearly 
established. Preliminary attempts to purify 
further the stimulatory factor(s) from the 
precipitate fraction were unsuccessful. 


M26. Biochemical factors involved in sym- 
biotic relationships among lactic streptococci. 
R. S. Danitya AND M. L. Speck, North Caro- 
lina State College, Raleigh. 

Various single strains of lactic streptococci 
isolated from mixed starter cultures were 


found to be symbiotic, as measured by the 
production of more acid when grown in asso- 
ciation than when grown alone. One pair of 
isolates containing a faster-growing strain and 
a slower-growing strain was selected to study 
the nature of the stimulatory factor(s) in- 
volved. Protein-free filtrates of the slow 
strain after growth in sterile skimmilk were 
observed to accelerate the growth of the fast 
strain. The factor(s) responsible for stimu- 
lation in the culture filtrate was found to be 
heat stable and dialyzable. The active com- 
ponent(s) was adsorbed on a column of Am- 
berlite IR-120 (H+); the total activity was 
eluted with 2% solution of aqueous ammonia. 
Eleven ninhydrin positive zones were noticed 
when one-dimensional chromatograms of the 
eluate from ion exchange column were pre- 
pared using butanol, acetic acid, and water 
(5:1:4) as the solvent system. The chro- 
matograms also showed two zones stimulatory 
for the fast-growing strain when tested by 
bioautography. The stimulatory factor(s) 
shows characteristics of a small molecular 
weight compound(s), being amino acid(s) 
either in the free or peptide form. 


M27. Effect of combining single-strain cul- 
tures as cheese starter on bitter flavor in 
Cheddar Cheese at 6 mo. of age. D. B. Em- 
mons, W. A. McGugan, J. A. Exniorr, Dairy 
Technology Research Institute, and PAMELA 
M. Morse, Statistical Research Service, Re- 
search Branch, Canada Department of Agri- 
culture, Ottawa, Canada. 

Five strains of Streptococcus cremoris were 
used to test the effect of combining cultures 
on bitterness in pasteurized-milk cheese. 
Strains HP, C,,, and K had previously pro- 
duced bitter cheese, whereas ML, and E, had 
produced nonbitter cheese. These strains were 
paired HP: ML,, Cis: ML,, HP: E,, Cis: E,, and 
BP: kK. 

Each day, the cultures of one pair (e.g., 
HP: ML,), grown separately, were used to 
make four vats of cheese in which the starter 
consisted of HP alone, HP: ML, in 1:1 ratio, 
HP: ML, in 1:3 ratio, and ML, alone. Each 
pair was replicated on three days. 

The 6-mo.-old cheeses, stored at 40° F., were 
evaluated for bitterness by a trained taste 
panel. The combination of two  bitterness- 
producing strains, HP: K, produced bitter 
cheese. With the other four combinations, the 
level of bitterness in cheese decreased as the 
proportion of nonbitter culture in the starter 
increased. Combinations including ML, pro- 
duced cheese with less bitterness than combi- 
nations including E,. 

Analysis of the nitrogen distribution in the 
cheese at time of tasting indieated a direct 
correlation between level of bitterness and 
estimated average chain length of TCA-soluble 
peptides and amino acids in the cheese. 





1158 JOURNAL OF 


M28. Lactic acid and titratable acidity rela- 
tionships in cultures and cultured products. 
W. J. Harper ano H. E. Ranpouen, The Ohio 
State University, Columbus, 


Thirty-five samples of commercial eultured 
buttermilk were examined for pH, titratable 
acidity, laetie acid, and organoleptic qualities. 
It was found that there was no relationship 
between either pH or titratable acidity values 
and the intensity of the aeid flavor as revealed 
by the organoleptie evaluation. However, there 
was a direct relationship between lactic acid 
values and the acid flavor intensity. To study 
the difference noted between the relative levels 
of lactic acid and titratable acidity in cultures, 
attention was given to single-strain starter 
cultures involving 38 representative cultures 
of Streptococcus lactis, Streptococcus cremoris, 
and Streptococcus diacetilactis. Titratable acid- 
ity, pH, and laetie acid measurements were 
made after 12 hr. of ineubation of a 1% inocu- 
lum in a 11% solids pretested milk medium. 

lactie aeid \ 
Ratios titratable acidity ) for the 38 eultures 
developed 

varied from 0.85 to 1.40. The majority of the 
ratios were greater than 1.0, which indicates 
that more total laectie acid was produced than 
could be accounted for by the amount of de- 
veloped acidity. Lactic acid to titratable acid- 
ity ratios for individual cultures were relatively 
consistent from day to day when grown in the 
same media and were not affected by the size 
of inoculum or the length of ineubation. 


M29. The effect of some calcium-binding 
agents on the development of bacteriophage 
and growth of lactic streptococci in milk. 
V. W. Kapis anp F. J. BasBet, Purdue Uni- 
versity, Lafayette. 

The following compounds were evaluated 
for their ability to bind the caleium in milk 
so that bacteriophage, active against Strepto- 
coccus lactis or Streptococcus cremoris, would 
not develop in the presence of host cells: mono- 
and disodium phosphate; mono- and dipotas- 
sium phosphate; ammonium oxalate; di-, tri-, 
and tetrasodium ethylenediamine tetraacetate ; 
and sodium and potassium tripolyphosphates. 
Suppression of bacteriophage development by 
phosphates varied with the type of bacterio- 
phage and host cell. The titers of six of the 
nine bacteriophage types used were not de- 
creased appreciably by four transfers in milk 
containing monopotassium and disodium phos- 
phate. Some phosphates, added to milk at 
the rate of 2%, caused coagulation during 
sterilization. Although the addition of 0.5% 
ammonium oxalate to milk interfered slightly 
with the growth of some test cultures, it did 
prevent the development of bacteriophage. 
Milk containing 0.1 and 0.2% trisodium ethyl 
enediamine tetraacetate did not give normal 
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growth of the test organisms and baeterio 
phage also developed in milk so treated. The 
addition of 1% sodium tripolyphosphate to 
milk prevented baeteriophage development 
with four of six test eultures but eulture 
growth was retarded; 0.5% tripolyphosphate 
prevented bacteriophage development in two 
of six test eultures and culture growth was 
not affeeted in the absenee of bacteriophage. 


M30. The accelerated recovery of dry starter 
cultures in milk fortified with pancreas ex- 
tract. J. A. Konurcer anp M. L. Speck, North 
Carolina State College, Raleigh. 

Lactic streptococcus starter cultures were 
added to sterile reconstituted skimmilk (10% 
solids) in coneentrations recommended by the 
manufacturer. Panereas extraet solids added 
to the milk at levels of 0.05, 0.1, 0.2, and 
0.4% promoted increasingly faster recovery 
of cultures, In milk supplemented with 0.2% 
pancreas extract, freshly reconstituted eul- 
tures reached 0.80% T.A. in 13 to 18 hr. at 
21° C.; in the absenee of panereas extract, 
cultures lagged markedly in rate of aeid pro- 
duction. At 32°C. eultures containing 0.2% 
pancreas extraet reached 0.8% T.A. in about 
8S hr.; controls required about 10 hr. The 
amount of dry culture could be reduced to 
25%, and for some cultures to 12.5%, of ree- 
ommended quantities without seriously redue- 
ing acid production when milk was fortified 
with 0.2% pancreas extract. Organoleptie 
evaluation of eultures was made after three 
subcultures at 21° C.; no differences were de- 
tectable by those revitalized in plain milk and 
in milk containing panereas extract. 


M31. Studies on the mechanism of diacetyl 
synthesis by Streptococcus diacetilactis. W. E. 
SANDINE, E. W. Serrz, P. R. ELLIKker, anbD 
Ek. A. Day, Oregon Agricultural Experiment 
Station, Corvallis. 

Fifteen per cent of the radioactivity of car- 
boxyl-labeled pyruvate and citrate was recov- 
ered as CO. from nonfat milk inoculated with 

Resting cells of 
the organism fixed C“O, with most of the 
radioactivity appearing in aspartic acid. Mano- 
metric experiments with resting cells grown 
in a medium allowing high diacetyl produe- 
tion resulted in the production of 25, 4, 31, 
and 12 »M of CO, from 20 uM of eitric, pyruvie, 
oxalacetic, and a-acetolactic acids, respectively. 

Crude sonie extracts of S. diacetilactis cells 
possessed an active citritase enzyme; 0.3 mg. 
of enzyme protein would dissimilate 5 uM of 
citrate in 10 min. There was a direct relation- 
ship between enzyme protein concentration and 
amount of citrate broken down, and the reae- 
tion was inhibited by Versene. The inhibition 
could be reversed by several divalent metal 
ions. Crude enzyme extracts also possessed 
oxalacetic acid decarboxylase activity; 10 »M 
of the acid yielded 3 uM of CO.. 


Stre ptococcus diacetilactis. 
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These data suggest that S. diacetilactis may 
ynthesize diacetyl from citrate by intermedi- 
ate production of oxalacetate, acetate, pyru- 
ate, a-neetolactate, and acetoin. 


M32. Studies on factors affecting diacetyl 
production by Streptococcus  diacetilactis. 
ky. W. Serrz, W. FE. Sanptneg, E. A. Day, AND 
P. R. Enuiiker, Oregon Agricultural Experi- 
ment Station, Corvallis. 

An average of 1.5 p.p.m. diacetyl was pro- 
duced by 16 strains of Streptococcus diaceti- 
vetis eultured in nonfat milk; the range was 
1.03 to 1.82 p.p.m. Efforts were made to in- 
crease diacetyl synthesis by varying the pH, 
citrate eoneentration, citrate exposure time, and 
milk heat treatment. An improved cultural 
procedure was developed by which average 
diacetyl production of the 16 strains was in- 
creased to 8.5 p.p.m., with a range of 3.9 to 
18.7 p.p.m.; organisms were cultured in 300 
ml. of sterile homogenized milk containing 1% 
sodium citrate. Following incubation for 24 
hr.. the milk was acidified to pH 4.3 with 
sterile 25% phosphoric acid and incubated 18 
hr. longer. 

A direct relationship existed between di- 
acetyl production and milk heat treatment. This 
correlation was maintained up to a treatment 
of 121° C. for 12 min. Heat treatment of milk 
for longer periods resulted in inhibition of 
diacetyl production. 

Butters manufactured from 1,000 g. of cream 
containing 300 g. of S. diacetilactis or com- 
mercial mixed strain starter culture prepared 
by the above procedure contained an average 
of 1.6 p.p.m. diacetyl. The cultured cream 
products both were judged by the taste panel 
to be of more desirable flavor than control 
butters manufactured from noneultured cream. 


M33. Failure in production of acetoin and 
gas by cultures of Streptococcus diacetilactis. 
E. B. Coutins anp R. J. Harvey, University 
of California, Davis. 

Each of five single-strain cultures of Stre pto- 
coccus diacetilactis contained some bacteria that 
did not produce acetoin and gas from citrate. 
Results show that the reason for this loss of 
ability to form acetoin and gas is mutation. 
The proportion of nonacetoin-producing bae- 
teria became very large in certain cultures. 
Comparison of nonacetoin-producing isolates 
to acetoin-producing isolates from the same 
parent cultures revealed that they were simi- 
lar with regard to each of the following char- 
acteristics: bacteriophage sensitivity, antibi- 
otic production, rate of acid production in 
skimmilk, action on litmus milk at 40 and 
15° C., growth in the presence of 4 and 6.5% 
sodium chloride, production of acid from mal 
tose and dextrin, and hydrolysis of arginine. 
Experiments with one nonacetoin-producing 
isolate revealed that with this culture the site 
of mutation is failure in the system respon 


sible for transporting citrate into the cell. 


M34. Effect of lactose fortification on body, 
flavor, and biacetyl and acetoin content of 
cultured skimmilk. R. [D). Marsuaui, C. M. 
STINE, AND J. R. BruNNER, Michigan State 
University, Kast Lansing. 

Reports from other laboratories have indi- 
cated that lactose is a precursor of biacetyl 
and acetoin. This study was made to deter- 
mine the effect of lactose fortification on the 
production of diacetyl and acetoin in cultured 
skimmilk. 

Raw skimmilk was fortified with 1.0, 2.0, 
and 3.0% lactose, with and without the addi- 
tion of 0.20% sodium citrate. The samples 
were heated in flowing steam for 30 min., 
cooled to 72° F., and inoculated with 1.0% 
of a commercial buttermilk culture. Incuba- 
tion was for varying lengths of time at 72° F. 
The concentrations of biacetyl and acetoin 
were determined by a dimethylglyoxime pro- 
cedure. 

Lactose fortification decreased the biacety] 
content of the cultured skimmilk at the ineu- 
bation periods employed in this study. The 
added lactose increased the acetoin content 
of the cultured skimmilk after short ineuba- 
tion periods, but decreased the amount of 
acetoin upon extended incubation. Although 
the amount of biacetyl was decreased by addi- 
tional lactose, the fortification greatly im- 
proved body and flavor. 


M35. Destruction of penicillin during the 
Cottage cheese making process. K. L. Smiru 
AnD J. E. EpMonpson, University of Missouri, 
Columbia. 

Cottage cheese was made using skimmilk 
containing penicillin added at the rates of 
0.05, 0.1, and 0.15 unit per milliliter of milk. 
Acid production and setting time were not 
affected in the cheese made from milk contain 
ing the lowest level of the antibiotic. Cheese 
failures were experienced at the two higher 
penicillin concentrations. Whey samples were 
taken at the time of cutting and assayed for 
penicillin, using a dise assay method. All 
whey samples contained residual penicillin 
estimated at from 0.008 to 0.018 unit per 
milliliter of whey. 

Cottage cheese, which was made from anti 
biotic-free milk, was used to study the de- 
structive effect on penicillin of cooking at 49, 
52, and 55° C. for 2 hr. Either 0.1 or 0.2 unit 
of penicillin per milliliter of cottage cheese 
was added at the time of cutting. All vats 
of cheese were cut at pH 4.8. There were no 
apparent differences in penicillin destruction 
at the three cooking temperatures — studied. 
The average penicillin destruction for all vats 
was 78.49 in cheese containing 0.1 unit and 
60.16% in the cheese containing 0.2 unit of 
penicillin per milliliter, The pH of the whey 
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affected the sensitivity of the penicillin assay 
method. 


M36. Is incubation for seven days at 5° C. 
adequate for enumerating psychrophilic bac- 
teria in milk? W. EK. Guen, University of 
Kentucky, Lexington. 

Incubation for 14 days at 5° C. yielded con- 
siderably higher psychrophilie counts on many 
milk samples than did the seven-day ineuba- 
tion period recommended by Standard Meth- 
ods. Higher counts were obtained on five of 
13 commercially processed milk samples whieh 
had been stored at 1.7° C. for five or more 
days, on 11 of 16 samples stored at 5° C. for 
five or more days, and on 18 of 24 samples 
stored at 10°C. for three or more days. In 
many eases the colonies were too small to be 
counted after only seven days of incubation. 
In all eases the colonies were larger and much 
more easily counted after 14 days. The col- 
onies were too small to be counted accurately 
in only one sample after incubation for 14 
days. 


M37. Comparison between Standard Methods 
procedure and a surface plate method for 
estimating psychrophilic bacteria in milk. J. D. 
PuncH ANL J. C. Ouson, JR., University of 
Minnesota, St. Paul. 

Ineubation at 5-7° C. for seven to ten days 
for psychrophile counts is recommended in 


Standard Methods, 11th edition. Incubation 
time is a disadvantage. The aerobic nature 


of psychrophilie bacteria suggested a surface 
plating procedure. Glass rods, 190 by 2 mm., 
shaped like a hockey stick, were used to spread 
0.1 ml. inoculum over a poured plate contain- 
ing 12 ml. plate count agar. Poured plates 
were stored at room temp. 18-30 hr. to elimi- 
nate excess moisture. Plates were inoculated 
from a series of tenfold dilution of samples, 
beginning with highest dilution. Incubation 
was at 6 + 0.5°C. for four, five, six, and 
seven days. With standard procedure, counts 
were obtained after six, seven, eight, nine, 
ten, and 11 days. After five days, surface 
counts were equivalent or greater than those 
obtained by standard procedure. A two- to 
five-day advantage over the standard pro- 
cedure was obtained; colonies were more easily 
counted and their pigmentation and _ fluores- 
cence were enhanced; and spreading colonies 
were avoided. 


M38. The effect of penicillin in milk on the 
growth and survival of Staphylococcus aureus 
during the manufacture and curing of Ched- 
dar and Colby cheese. J. J. Jezesxi, H. A. 
Morris, E. A. Zorroua, E. Greorae, anp F. F. 
Busta, University of Minnesota, St. Paul. 
Fifty-four vats each of 420 lb. of milk were 
made into cheese. Some of the milk was pas- 


teurized, some was raw, and either surplus 
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Grade A or manufacturing grade. Of the 54 
vats, 27 were inoculated just before setting 
with 25,000-100,000 S. aureus, Strain 196K, 
per milliliter of milk; the other 27 served as 
uninoculated controls. Penicillin was added to 
27 vats (inoculated and controls) to provide 
0.25 to 0.375 unit per milliliter, sufficient to 
inhibit the starter markedly but not completely, 
Staphylococeus populations were determined by 
plate count using Staphyloeoeeus 110 Medium 
(Difeo) at intervals during manufacture and 
euring of the cheese. Both the Cheddar and 
Colby cheese showed in almost every case maxi- 
mum 8, counts of millions per gram 
within 24 hr. after setting. These populations 
decreased in Cheddar cheese during storage at 
50° F. to less than 250 per gram at 12 mo. The 
maximum S. aureus counts observed in cheese 
made from milk which supported normal starter 
activity were similar to those from milk 
taining penicillin. Pasteurization prior to inoeu- 
lation and the grade of milk had little effeet on 
the maximum S. aureus populations observed 
in both types of cheese. 


aAHTeUs 


con- 


M39. Effect of sodium chloride concentration 
in an agar medium on growth of heat-shocked 
Staphylococcus aureus Strain 196E. |. F. 
Busta AND J. J. Jezeskt, University of Minne- 
sota, St. Paul. 

The numbers of Staphylococcus aureus 196K 
surviving heat treatment in milk for various 
times at 140° F. were determined by plate 
count with normal and modified Staphylococcus 
Medium No. 110 (8-110), with plate count 
agar (PCA), and by milk enrichment tech- 
niques. Respective portions of specific heated 
samples appeared to contain lower populations 
of S. aureus 196E when the survivors were 
enumerated with normal S-110 than with PCA. 
Likewise, the times at 140° F. needed for total 
destruction of the culture suspension in the 
test milk were apparently shorter when sur- 
vival was determined by enumeration with 
normal §-110 than with PCA. A thermal death 
time of 12 min. at 140° F. was observed in 
two milks when S-110 was used in direct plat- 
ing of the heated cells, whereas thermal death 
times of 28 and 34 min. were observed in the 
same samples when PCA was used in the 
same manner or when survival was determined 
with milk-enrichment tubes. The apparently 
lower thermal death times were found to be 
caused by the NaCl content of the S-110, be- 
cause modifications of S-110 containing de- 
creasing amounts of NaCl allowed growth of 
increasing numbers of heat-shocked S. aureus 
L96GE. 


M40. Preliminary observations on population 
levels of pure cultures of psychrophilic bac- 
teria necessary to induce flavor or physical 
change in pasteurized milk. J. D. Puwnocn, 
J. C. Ouson, Jr., ano E. L. Toomas, Univer- 
sity of Minnesota, St. Paul. 
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Commercially pasteurized and homogenized 
whole milk was drawn aseptically from the 
cooling section of a HTST press. Samples (200 
ml. each) were inoculated with pure cultures 
of several groups of psychrophiles (initial pop- 
ulation approximately 500 per milliliter per 
sample). Forty-seven cultures were studied: 
24 Pseudomonas, three Alkaligenes, one Flavo- 
bacterium, 16 coliforms, and three yeasts. In- 
oeulated samples and controls were placed on 
an Eberbach shaker and ineubated at 6.5 and 
20°C. Population levels (per milliliter) of 
the various cultures within each group that 
were attained at the time a definite off-flavor 
was detected ranged as follows: Pseudomonas, 
5.2-200 million; Alkaligenes, 2.5-14 million; 
Flavobacterium, 8.3-120 million; coliforms, 2.7- 
150 million; and yeasts, 2.5-14 million. Certain 
cultures of Alkaligenes caused ropiness before 
a flavor change was detected. Frequently higher 
flavor scores were obtained in milk initially 
having definite feed and cooked flavors, when 
population levels just under those necessary 
to cause a detectable off-flavor were reached. 


M41. A study of the inhibition of microbial 
lipases by antibiotics. R. C. CHANDAN, M. G. 
CARRANCEDO, AND K, M. SHAHANI, University 
of Nebraska, Lincoln. 

Previous studies revealed that two antimy- 
cotic agents, mycostatin and pimaricin, retarded 
the fungal spoilage of Cottage cheese. The 
study was continued to determine the inhibitory 
effect of the antibiotics upon the fungal and 
bacterial lipases. Mycostatin and pimaricin 
in varying concentrations (0.5 to 50 »/ml) in- 
hibited the lipolytic activity of Achromobacter 
lipolyticum by 44 to 100% and of Geotrichum 
candidum by 11 to 74%. For the mold lipases 
of Aspergillus niger and Penicillium roqueforti, 
the inhibitions were 43 to 100% and 56 to 
100%, respectively. Similar concentrations of 
penicillin, although they did not affect appre- 
ciably the growth of the organisms, inhabited 
the bacterial lipase completely and the fungal 
lipases up to 89%. A. lipolyticum produced 
nearly three times as much lipase as those pro- 
duced by the fungi and at a faster rate. A. niger 
and P. roqueforti produced both intra- and 
extra-cellular lipases in the ratio of 41:59 
and 45:55, respectively. The antibiotics ap- 
peared to have no specificity in regard to intra- 
or extra-cellular mold-lipases. An increase in 
the substrate concentration in the experimental 
mixture nullified the inhibitory effect of the 
antibiotics upon the microbial lipases, indi- 
eating that the antibiotics work as competitive 
inhibitors. 


M42. Sensitivity of sugar metabolism of Sac- 
charomyces cerevisiae to antifungal agents. 
M. G. Carrancepbo, K. M. SHAHANI, AND J. R. 
VaKIL, University of Nebraska, Lincoln. 
Using the Warburg technique, studies were 
made to investigate the mode of action of 


pimaricin and mycostatin upon the sugar me- 
tabolism of Saccharomyces cerevisiae, a fre- 
quent cheese-spoilage organism. Under both 
aerobie and anaerobic conditions, the organism 
utilized glucose at a much faster rate than 
galactose or lactose. Five and twenty units of 
the antibiotics per milliliter inhibited the en- 
dogenous oxygen consumption and the aerobic 
and anaerobie utilization of the sugars by 20-70, 
56-92, and 75-95%, respectively. The fact that 
under the aerobic or anaerobie conditions the 
antibioties inhibited the utilization of the three 
sugars to the same extent, indicates that the 
carbohydrates are metabolized by somewhat 
similar processes. The extent of inhibition by 
the antibiotics under anaerobie or the glyco- 
lytic system was greater than under the aerobic 
conditions. There was a direct relationship 
between the concentration of the antibiotics 
and their per cent inhibition. 

Mycostatin impaired the carbohydrate me- 
tabolism by 3-10% more than pimaricin under 
the same conditions. The organism contained 
0.003 unit of lactase per gram of cells. Pi- 
maricin inhibited the lactase activity by 32- 
76% and mycostatin by 76-86%. 


M43. The incidence and nature of the spore- 
forming microorganisms in the Ohio milk sup- 
ply. J. H. Martin, D. P. Stanty, ano W. J. 
Harper, The Ohio State University, Columbus. 

Recent developments in heat processing of 
milk have emphasized the importance of spore- 
forming microorganisms in the raw milk sup- 
ply. Sinee little information is available con- 
cerning these organisms in raw milk, experi- 
ments have been conducted to determine their 
significance in Ohio milk. 

Approximately 300 raw milk samples from 
all sections of Ohio were analyzed for total 
bacterial counts, total spore counts (on milk 
heated at 80° C. for 10 min.), and heat-resist- 
ant spore counts (on milk heated at 100° C. 
for 30 min.). Aerobic and anaerobic spore 
counts were made on each sample after the 
heat treatments. 

All but two of the samples contained spore- 
forming organisms, but the total spore count 
of the milk was not related to the total bac- 
terial count. About 350 representative cul- 
tures of the spore-formers have been isolated 
and identified. Bacillus cereus and Bacillus 
licheniformis were by far the most prevalent, 
with cultures of B. cereus var. mycoides, Bacil- 
lus subtilis, Bacillus megaterium, Bacillus pumi- 
lus, Bacillus coagulans, Bacillus brevis, Bacillus 
sphaericus, and Bacillus laterosporous ocea- 
sionally being present. All the Bacillus cultures 
were facultative anaerobes except B. megate- 
rium and B. sphaericus, whereas 20 cultures 
appeared to be obligate anaerobes belonging to 
the genus Clostridium. 


M44. Development of Clostridium botulinum 
spores in sterile milk. O. W. KaurMANN AND 
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A. R. Brittaup, Michigan State University, 
Kast Lansing. 

Sterile milk was inoculated with varying 
coneentrations of heat-shoecked spores of Clos- 
tridium botulinum Type A and B and stored 
at 45, 50, 55, and 65° F. At regular intervals 
viable bacteria counts and assays for toxin 
were undertaken. Cultural development, gen- 
eration time, and toxin production at various 
storage temperatures were studied; visual and 
olfactory. changes were also noted. At 65 and 
55° F., growth and toxin production oceurred 
before visual and olfactory changes were evi- 
dent. At 50 and 45° F., no growth, toxin, or 
visual changes oecurred. Generation time varied 
with storage temperature. Considerable toxin 
was produced at 65 and 55°F. after 14 and 
46 days, respectively. 


M45. A simplified direct nesslerization pro- 
cedure for total nitrogen of milk and cheese 
extracts. W. K. Stone, M. C. CoNNER, AND 
N. R. THompson, Virginia Polytechnic Insti- 
tute, Blacksburg. 

In a double-expansion bulb digestion flask 
the sample was digested by 0.1 g. K.SO, and 
0.50 ml. coneentrated H,SO, until the color 
was pale yellow. Three drops of 30% H.0O, 
were added and digestion was continued for 
30 min. The water-clear digest was diluted 
with 50 ml. of H,O and nesslerized with 17 ml. 
of Nessler solution (Koeh-MeMeekin modi- 
fieation). The wavelength (Coleman spectro- 
photometer) was adjusted so that optical den- 
sity readings were between 0.20 and 0.65. 
Nitrogen was read from a standard curve. 
The standard nitrogens were run by the same 
procedure as the unknown samples. 

A study of the properties of Nessler color 
by this procedure showed no wavelength of 
maximum absorption between 410 and 520 
mu, and the optical densities were in agree- 
ment with Beer’s law. Below 520 my sensi- 
tivity inereased and between 410 and 430 mu 
20 to 100 y of nitrogen were accurately meas- 
ured. 

The amount of nitrogen digested when com- 
posite milk samples and peptide cheese ex- 
tracts were analyzed varied from 0.14 to 0.28 
mg. and 20 to 80 y, respectively. The optical 
densities were measured at wavelengths of 
500 and 420 mp. Correlation was +0.93 be- 
tween this method and the official micro- 


Kjeldahl method. 


M46. The choice of a primary standard for 
the determination of milk proteins by the 
dye-binding method. U. S. AsHwortu, Wash- 
ington State University, Pullman. 


If milk is to be purchased on the basis of 
its protein content, an accurate method must 
be available for its determination. The dye- 
binding procedure provides a convenient and 
accurate method, providing that it is properly 
standardized. The Orange G dye as purchased 
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varies in dye content from 87-98%. Kach lot 
of dye must be standardized for accurate work. 

A convenient standard for this purpose is 
nonfat dry milk of known total nitrogen econ- 
tent. Variations in the nitrogen distribution 
of the dried milks may affect the dye-binding 
capacity, since each protein fraetion has a 
different dye-binding capacity. A more serious 
error lies in the facet that the browning reae- 
tion lowers the dye-binding capacity of the 
casein. Milk powders which have been over- 
heated during the drying process are not 
suitable standards. The use of whole casein 
prepared from fresh milk as a primary stand- 
ard is suggested. Low-heat powders are con- 
venient as secondary standards. 


M47. A simple quantitative method for the 
determination of s-lactoglobulin by an immu- 
nological procedure. B. L. LARSON AND JUDITH 
M. Twaroc, University of Illinois, Urbana. 

A method patterned after the procedures 
originally described by Oudin has been de- 
vised which utilizes the immunological prin- 
ciple that a solution containing an antigen 
(8-lactoglobulin) produces a turbid zone when 
diffusing into an agar layer containing anti- 
sera to the antigen. The distance of this mi- 
gration divided by the square root of time 
has been found to be a linear funetion of the 
8-lactoglobulin coneentration in the range of 
8-80 yg. per milliliter. Simple equipment 
and a few minutes of expended time per sam- 
ple are required. The only sample prepara- 
tion required for a fluid milk product is to 
dilute (such as 50- and 100-fold for whole 
milk) and then layer it in a small tube over 
the agar containing the antisera. Solid prod- 
ucts of milk such as dry milk solids, cheese, 
ete., need to be dispersed into aqueous solu- 
tion before layering. The tubes are then left 
in a constant temperature and the length of 
the diffusion zone measured after an appro- 
priate time interval. 

The results have been compared to those 
obtained using the electrophoretic procedure 
and have been found to be more accurate. The 
potentialities of the method for determining 
various other specific milk proteins will be 
discussed. 


M48. Observations on the paper electropho- 
resis of casein. L. M. Lipsey anp U. S. AsuH- 
wortH, Washington State University, Pullman. 

The paper electrophoresis of casein and 
casein fractions has been studied in a high 
pH phosphate buffer (NaOQH-Na.HPO,; pH 
11.7, [1/2 0.13) and also in a Veronal buffer 
(pH 8.6, [/2, 0.050 and 0.075) containing 0-7 
M urea. When carboxymethyl cellulose (CMC) 
was added (0-0.05%) to the urea-Veronal buf- 
fer, it was possible to change the direction in 
which the proteins migrated. In a Veronal 
buffer containing 7 M urea and 0.0063% CMC, 
as-casein migrated toward the anode, while 
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s- and «x-casein migrated toward the cathode. 
Sinee the percentage of the total protein con- 
tributed by each fraction remained essentially 
independent of the direction of migration, ad- 
sorption losses were not a major factor in- 
fluencing the relative amounts of the frae- 
tions. Preliminary results showed whole casein 
to contain: 41% as, 10% «x, 43% B, and 6% 
minor eomponents. 

The minor components of whole casein were 
obtained as the soluble material when washed 
acid casein (1%) was stirred for several hours 
at pH 4.0. The easein was filtered off, and the 
minor components were precipitated by adding 
solid (NH,).SO, to 1.7 M. The precipitate 
was then dialyzed and pervaporated. Electro- 
phoretie patterns in urea-Veronal buffer 
showed the pH 4.0 coluble material to contain 
at least eight components. 


M49. Dephosphorization of casein in solu- 
tion and in milk by heat treatment. J. BELEec 


inp R. JENNESS, University of Minnesota, 
St. Paul. 
Heat treatment of 3% sodium caseinate 


solutions at 110-140° C. progressively released 
the casein phosphate as inorganie orthophos- 
phate in conformity to first-order kineties. 
The rate of dephosphorization was virtually 
independent of pH in the range of pH 6.0-7.0 
and was almost identical for a- and f§-casein- 
ates. The energy of activation was calculated 
to be 28-29 k cal/mole, the same as for de- 
phosphorization of O-serine phosphate, but 


higher than literature data for calcium 
caseinate. 
Dephosphorization of casein by heating 


skimmilk also conformed to first-order kinetics, 
the rates and energy of activation (25-27 k 
eal/mole) being similar to those for calcium 
easeinate. The effects of preheating at 90° C. 
for 10 min. and of twofold concentration (by 
volume) were studied with two skimmilks, 
one of which (A) was not stabilized against 
heat coagulation of the 2:1 concentrate by 
the preheating and the other of which (B) 
was markedly stabilized. Concentration in- 
creased the rates of heat dephosphorization 
of both lots. Preheating searcely affected the 
rates of dephosphorization of unconcentrated 
milk A and slightly inereased those of B. In 
both eases preheating decreased the rates of 
dephosphorization of the 2:1 concentrate by 
20-25%. 


M50. The isolation of \-casein from concen- 
trated TCA-urea solutions. H. E. Swaiscoop 
inp J. R. Brunner, Michigan State Univer- 
sity, East Lansing. 

Long et al. (J. Dairy Sei., 41: 317. 1958) 
reported the isolation, by high-speed centri- 
fugation, of a protein from «x-casein prepara- 
tions possessing an S. = 1.1 in phosphate at 
pH 6.98, stable to calcium ions, and not visibly 
altered by rennet. 
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Swaisgood and Brunner (J. Dairy Sei., 43: 
855. 1960) isolated x-casein from whole casein 
or crude a-casein (from which NaCl was 
omitted in the purification step) by fractiona- 
tion in concentrated TCA-urea solutions. When 
purified a-casein, reprecipitated from 6.6M 
urea solution containing 10.6 g/liter of NaCl, 
was used as starting material, the resulting 
protein preparations were obtained in low 
yields and devoid of «-casein. 

The recovered protein (A-casein) was stable 
to calcium ions and ultracentrifugally single- 
peaked in phosphate at pH 6.98. The sedi- 
mentation-coefficient (monomeric S. = ~ 1.0) 
was concentration-dependent, exhibiting char- 
acteristics of monomer-dimer equilibrium. 
Electrophoretic mobility of the major peak 
was —8.0 in phosphate, pH 6.98. There was 
no perceptible change in either its electro- 
phoretic or ultracentrifugal characteristics fol- 
lowing exposure to crystalline rennin. 

Collateral experiments implicate \-casein as 
an important component of the a.-stabilizing, 
x-casein complex. Yet, A-casein, alone, pos- 
sesses no stabilizing power toward a.-casein. 


M51. Molecular structural studies on casein. 
II. W. G. Goppey anp C. W. Geurxe, Uni- 
versity of Missouri, Columbia. 

Purified fractions of a-, x-, xn:- and \-caseins 
were prepared for viscosity and small-angle 
X-ray seattering studies. A significant vis- 
cosity increase was observed for skimmilk 
treated with rennin for 2 hr. at 7°C. Re- 
peated trials showed no significant difference 
in the viscosity of rennin-treated a-casein; 
whereas, there was a significant decrease in 
the viscosity of x-casein after rennin action. 
Viscosity data will be presented on the thermal 
stability of a- and x-casein as a function of 
temperature. Further, small-angle X-ray seat- 
tering studies have been made on purified 
a- and x-casein, before and after rennin ae- 
tion, and at temperatures of 50, 75, and 100° C, 
Studies have been made on a x-casein (Dr. 
Brunner, Michigan State University) and con- 
firm our earlier findings. Information will be 
presented on modifications in the small-angle 
X-ray seattering instrumentation, especially 
the rotating copper anode, wide-anble seat- 
tering measurements, proportional counting 
of seattered intensities, and reproducibility 
and accuracy studies. 


M52. Heat denaturation of s-lactoglobulins 
A and B. Parricia GouGu anp R. JENNEss, 
University of Minnesota, St. Paul. 
8-Lactoglobulin B was found to be denatured 
at a considerably faster rate than §-laeto- 
globulin A upon heating 1% solutions in phos- 
phate buffer at pH 6.86, ionie strength = 0.1, 
at temperatures of 67 to 75° C. Three criteria 
of denaturation—precipitability at pH 5.0, 
increase in optical rotation, and liberation of 


sulfhydryl groups—all indicated the more 
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rapid rate of denaturation of the B-type. The 
energies of activation were, respectively, 65.6 
and 77.1 k eal/mole and the entropies of ac- 
tivation 114 and 149 eal/mole degree for A 
and B. Both proteins were converted to the 
primary denatured form, which is precipitable 
at pH 5.0 but unchanged in electrophoretic 
mobility, upon heating quickly at 100° C., 
and to the secondary denatured form of higher 
mobility upon heating at 67-75° C. The differ- 
ence between the two appears to involve the 
rate of conversion of native to the primary 
denatured form. In conformity with the data 
on solutions of these proteins, §-lactoglobulin 
B was found to be denatured more rapidly 
than §8-lactoglobulin A upon heating milks 
from individual cows containing only one type. 


M53. Kappa-casein—/s-lactoglobulin interac- 
tion in solution when heated. ©. A. ZITTLE, 
Eastern Regional Research Laboratory, Phila- 
delphia. 

Study of a solution of kappa-casein and 
8-lactoglobulin (0.5% of each) at pH 7.0 after 
heating at 90°C. for 30 min. provided evi- 
dence that the components had _ interacted. 
(a) The ability of the kappa-casein to sta- 
bilize caleium-sensitive a-casein in the presence 
of 0.020 M CaCl, was greatly reduced. (b) 
The clot obtained with rennin in the presence 
of 0.020 M CaCl, at pH 6.7 and 30° C. con- 
tained both para-kappa-casein and_ §-lacto- 
globulin, whereas in the unheated solution the 
8-lactoglobulin remained in solution. (¢) Elec- 
trophoresis of the heated solution at pH 2.1 
in acetic acid—formie acid showed a single 
peak, whereas the unheated solution showed 
two peaks corresponding in mobility to kappa- 
casein and §-lactoglobulin. These results were 
obtained with a purified kappa-casein (95% 
pure in the ultracentrifuge and in electro- 
phoresis at pH 2.1) prepared by fractionation 
of a-easein with trichloroacetic acid in urea 
(J. Dairy Sei., 43:855. 1960). The same 
stabilization and rennin results were obtained 
with a less pure kappa-casein preparation 
(the CaCl.-soluble fraction of whole casein 
containing principally kappa- and lar:bda- 
caseins). 


M54. Some carbonyl compounds formed by 
the action of sunlight on milk. L. A. WISHNER 
aND M. Keeney, University of Maryland, Col- 
lege Park. 

Five one-liter quantities of pasteurized, ho- 
mogenized whole milk, whieh had been ex- 
posed to direct sunlight for 1 hr., were ana- 
lvzed for their carbonyl compounds by a 
method involving solvent extraction of the 
2,4-dinitrophenylhydrazones, with subsequent 
adsorption and partition chromatography in 
several systems. Suitable controls, maintained 
in the dark, were otherwise treated in an 
identical manner. The exposed milk exhibited 
a characteristic sunlight flavor. 
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Conelusively identified from both the ex- 
posed and control milk were butanone, ace 
tone, ethanal, and methanal. Tentatively iden- 
tified from both were the C, to Cy, methyl ke- 
tones, the C,; to C,, n-alkanals, the ©, and C, 
alk-2-enals. Tentatively identified from the 
exposed milk but not the control were n-do- 
decanal, 2-butenal, and the C, to C, alk-2- 
enals. Spectrophotometrie quantitative data 
indicated significantly greater quantities of 
2-butanone, 2-pentanone, 2-heptanone, 2-oc- 
tanone, n-heptanal, and n-octanal, and a sig- 
nificantly smaller quantity of methanal, in the 
exposed milk than in the control. The 2,4-di- 
enals and 3-methylthiopropanal were not iso- 
lated. Organoleptic evaluation of fresh milk 
treated with the isolated compounds revealed 
a flavor quite similar to that of milk which 
had been exposed to light, with the major 
portion of the flavor contributed by the C, to 
C, alk-2-enals. 


M55. Mass spectrometry and gas chromatog- 
raphy applied to the study of volatiles in milk. 
R. Basserre anp C. H. Wairnan, Kansas 
State University, Manhattan. 

The technique of identifying chemical com- 
pounds by mass spectrometry after their frac- 
tionation by gas chromatography has been 
employed in studies of flavors of milk. <A 
continuous monitoring of the effluent gases 
from a gas chromatographic thermal con- 
ductivity cell was achieved by employing a 
simple series of valves between a chromato- 
graphic instrument and a Bendix Model 12-100 
time-of-flight mass spectrometer with an ana- 
log output system. A deseription of the con- 
nection and operation conditions between these 
two instruments is presented. Samples for 
this analysis were prepared by extracting into 
toluene that material recovered in liquid air 
traps from the reduced pressure distillation 
of 10 gal. of milk. High-quality winter milk 
produced on a hay-grain ration, when ana- 
lyzed by the described method, showed the 
presence of only acetone and butanone. The 
advantages of this method are discussed. 


M56. Hydrolysis of certain organo-phos- 
phorus enzyme inhibitors by raw milk. T. L. 
Forster, Washington State University, Pull- 
man. 

Hydrolysis rates of 10° M solutions or 
emulsions of the organo-phosphorus enzyme 
inhibitors, N, N*-diisopropyl phosphorodiami- 
dofluoridate (Isopestox), tetraethyl pyrophos- 
phate (TEPP), diisopropyl filuorophosphate 
(DFP), and diethyl p-nitrophenyl thiophos- 
phate (Parathion), by raw and heated milk, 
at pH 8.0 and 37° C., were determined using 
Warburg manometric techniques. 

Comparison of such rates indicates that hy- 
drolysis of Isopestox and TEPP, and possibly 
DFP also, is catalyzed by a heat-labile com- 
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ponent of raw milk. Under the conditions used 
in these experiments, the rates of hydrolysis 
of Isopestox and TEPP approximated 1 »M 
per milliliter milk per hour. Rates of hydroly- 
sis were proportional to the amount of milk 
present. It is suggested that one or more 
A-esterases catalyze the hydrolysis of these 
compounds, 


M57. Observations of the purification of 
B-esterase from bovine milk by adsorption on 
Mg(OH).. M. W. Montcomery anp T. L. 
Forster, Washington Agricultural Experiment 
Station, Pullman. 

The influence of adsorption time and amount 
of the adsorbent on the purification of milk 
B-esterase by Mg(OH). adsorption was de- 
termined, using the procedure suggested by 
the authors (J. Dairy Sei., 44: 721. 1961). 
Activity was expressed as Aj, the microliters 
of CO, evolved by 1 ml. of milk or enzyme 
preparation in 30 min. of ineubation, using 
Warburg manometric techniques with tribu- 
tyrin as substrate. Nitrogen was determined 
by a semimicro-Kjeldahl method. An average 
of 24-fold purification with 46% recovery was 
obtained on three trials, using 25 ml. of 
Mg(OH), suspension to 200 ml. of gravity 
skimmilk and an adsorption time of 5 min. 
These preparations were treated with 0.5 g. of 
Mg(OH), suspension for each 25 ml. of vol- 
ume for 2 hr. This resulted in an average of 
2.7-fold purification, with 30% recovery. The 
over-all average purification was 65-fold, with 
14% recovery. Two preparations obtained by 
this procedure showed average relative ac- 
tivities of 1.0 for tributyrin, 0.12 for ho- 
mogenized milk, and 0.18 for a 10% butter 
oil emulsion in heated skimmilk. 


M58. An ultrasonic method for measurement 
of solids-not-fat and milk fat in fluid milk. 
I. Acoustic properties. J. W. FirzGera.p, 
Chesapeake Instrument Corporation, Shady- 
side, Maryland; G. R. Rinao, Argonne National 
Laboratories, LaGrange Park, Illinois, and 
W. C. Wryper, University of Wisconsin, Madi- 
son, 

The acoustic properties of milk systems can 
serve for measuring both the solids-not-fat 
and butterfat with satisfactory accuracy. In 
particular, (1) sound velocity increases as the 
SNF increases, (2) above a characteristic 
temperature, Tc, the velocity decreases as the 
BF inereases, (3) below Te, the velocity in- 
creases as the BF increases, (4) in the vicinity 
of T-, the velocity in whole milk depends only 
on the per cent SNF and is independent of the 
per cent BF, and (5) the slope of the velocity- 
temperature curve in the whole milk depends 
only on per cent BF and is independent of per 
cent SNF. Consequently, at T., the sound veloc- 
ity can be used to determine per cent SNF, and 
velocity-temperature slope can be used to deter- 
mine BF. Some preconditioning of the sample 
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is necessary in order to control the state of BF 
and assure uniqueness of Te. Some work has 
also been done on ultrasonic attenuation, but 
this does not seem as suitable for test pur- 
poses. A sound velocity meter, called the 
Darisonometer, based on the sing-around cir- 
cuit and capable of direct calibration in SNF 
and BF, has been developed. The basic ultra- 
sonic theory of complex mixtures will be 
given. 


M59. An ultrasonic method for measurement 
of solids-not-fat and milk fat in fluid milk. 
II. An evaluation of the method. W. C. 
Winper, N. P. Consiany, ano B. RoprigusEz- 
Lopez, University of Wisconsin, Madison. 

The Darisonometer, an instrument for meas- 
uring sound velocity in liquids, was found 
to be highly accurate. The temperature at 
which sound velocity in water is the same as 
that in milk fat was found to be ~15° C. 
Utilizing sound velocity determinations at this 
characteristic temperature and at a _ second 
temperature, the solids-not-fat and butterfat 
contents of fluid milk samples could be deter- 
mined within an accuracy of + 0.1%. The 
milk was prepared for testing by warming 
the sample in a sample jar to a fixed tempera- 
ture above the melting point of fat, pouring 
one-half the sample into a velocity test cell 
at that temperature, and the other half into 
a test cell at the characteristic temperature. 
Two meter readings were obtained quickly 
with a flip of a meter switch. Pasteurization 
of milk samples did not affect the accuracy 
of the test. The use of formalin as a sample 
preservative at double the prescribed level 
did not alter the sound velocity. The charac- 
teristic temperature for homogenized milk 
samples was found to be different than for 
unhomogenized samples. A slightly different 
testing procedure must be used for homoge- 
nized milk. 


M60. Determination of density of milk by 
gamma ray attenuation. B. J. Demorr AnD 
H. C. Hout, U. T.—A. E. C. Agricultural Re- 
search Laboratory, Oak Ridge, and Dairy De- 
partment, University of Tennessee, Knoxville. 

Nonfat dry milk was mixed with water to 
make four samples of different total solids 
content. The fat and total solids content were 
determined by the Mojonnier method and the 
specific gravity (X,) at 60° F. was calculated, 
using specific gravity values for fat, SNF, 
and water of 6.93, 1.6007, and 1.0, respectively. 
The specific gravity (X.) was determined by 
means of a plummet attached to a chain-o- 
matie balance and corrected to a 60° F. tem- 
perature reading. 

An Ohmart density cell, Model ASR-3, de- 
signed for a continuous flow of product and 
the immediate recording of product density, 
and having as a souree of gamma rays 440 
me. of Cs’ was used to measure the attenu- 
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ation (Y) of skimmiik. The sample tube was 
tilled with the product, the attenuation read 
from a cireular chart at 2.5-min. intervals for 
at least four observations. Values were 29.8 + 
1.5, 40.7 + 1.3, 48.7 + 2.2, and 64.0 + 1.6, for 
samples of skimmilk ranging from 1.030 to 
1.042 specifie gravity units. 

Y = —69.83 + 3.23 [ (X, —1) 1000] 

Y = —55.8 + 2.83 [(X,—1) 1000] 


M61. A study of the TBA reaction as a 
measure of oxidized flavor in milk. R. L. Kina, 
Dairy Department, University of Maryland, 
College Park. 

Several components in milk, including fat, 
lactose, and fat globule membrane material 
yield products that react with TBA (2-thio- 
barbiturie acid) to produce colored compounds 
ineluding one with maximum absorption in 
the range 532-545 my depending on pH. When 
the reaction is carried out on milk, all of the 
color produced is not related to the extent of 
lipid oxidation in the original product, but 
partly to reaction conditions. Trichloroacetie 
acid is used to floceulate the proteins and fat 
globules which are removed by filtration. TBA 
in ethanol is added to the clear filtrate, and 
the reaction is completed at 60° C. in 60-70 
min. Optieal density is determined at 532 mu. 
Ethanol is used to inerease the TBA concen- 
tration and, incidentally, increases the reac- 
tion rate. Interference by lactose is mini- 
mized by the temperature used. The method 
eliminates solvent extraction and selection of 
an arbitrary time of heating, since the reac- 
tion essentially goes to completion. Pertinent 
data are presented ineluding correlation with 
organoleptic analyses and storage time, and 
a chromatographie procedure for separation 
of TBA pigments. 


M62. Factors affecting the pH-sensitivity of 
the heat stability of milk from individual 
cows. Dyson Ross, Division of Applied Bi- 
ology, National Research Council, Ottawa, 
Canada. 

The heat stability of milk passes through a 
maximum and a minimum as the pH is in- 
creased from 6.4 to 7.0. The position of the 
maximum is displaced slightly to the acid side 
with addition of phosphate, and _ slightly 
towards the alkaline side with addition of eal- 
cium, but small additions (up to 3 mM/liter) 
of these ions have little effect on the maximum 
heat stability attainable. 

The occurrence of the maximum and mini- 
mum in the pH-heat stability relation is de- 
pendent upon the presence of §-lactoglobulin. 
The maximum heat stability of calcium-casein- 
ate-phosphate complex resuspended in ultra- 
filtrate from milk increases, and the minimum 
decreases, with increasing addition of §-lacto- 
globulin from 0.1 to 0.6 ng N/ml. 

It is suggested that the denatured £-lacto- 
globulin-easein (or K-casein) complex is the 





DAIRY SCIENCE 


pH-sensitive component. This complex appears 
to dissociate quite extensively in some milks. 


M63. A method for the removal of cationic 
radionuclides from milk. G. K. Murruy, E. B. 
Masurovsky, L. F. Epmonpson, ano J. E. 
CAMPBELL, Robert A. Taft Sanitary Engineer- 
ing Center, Cincinnati, Ohio, and Agricultural 
Research Service, Beltsville, Maryland. 

Milk equilibrated with added Sr*, Ba’, or 
Cs™ by storage of sample at 4° C. for 72-120 
hr. was adjusted to pH 5.4-5.2 with 0.1M citrie 
acid and passed through a column containing 
Dowex 50-WX8 resin. The resin was pre- 
viously charged at the pH of acidified milk 
with Ca, Mg, K, and Na in approximately the 
same proportions found in original milk. After 
treatment, the milk was adjusted to pH 6.6, by 
batch process, using Dowex 2-X8 (OH°) resin. 
Analysis of original and treated milks indicated 
that up to a milk-to-resin ratio of 20:1, ap- 
proximately 95% of Sr®, 90% of Ba’, and 
75% of Cs™ were removed. The cationic com- 
position of milk was essentially unchanged and 
the organoleptic quality of milk was compar- 
able to that of pasteurized whole milk. The 
milk was not coagulated by rennin; however, 
addition of 2 to 3 ml. of 1 M CaCl, per liter 
of milk yielded time and type of coagulum 
similar to that of untreated milk. Further 
treatment of neutralized resin-treated milk with 
a Ca: Mg: K: Na-charged resin at pH 6.6 re- 
sulted in the over-all removal of 95% of Cs™. 


M64. The removal of in vivo and in vitro 
labeled radio-strontium from milk and its dis- 
tribution between centrifugally separated 
phases. L. F. Epmonpson, D. H. Keerer, F. W. 
Dovue.as, Jr., J. Y. Harris, anp E. Dopson, 
Kastern Utilization Research and Development 
Division, USDA, and Department of Health, 
Edueation, and Welfare, Washington. 


Whole milk in vitro labeled with Sr® was 
held in a refrigerator for 24 to 120 hr. after 
adding the isotope; in vivo labeled milk was 
obtained from a cow dosed with Sr®*®. Lots 
of each were adjusted to various pH levels 
with citric acid and passed through cationic 
exchange resin columns charged previously 
with mixed salt solutions. The amount of 
strontium removed varied from about 95% at 
pH 5.2 to 45% at pH 6.6 for in vivo labeled 
milk. The amounts for in vitro labeled milk 
were similar, or slightly higher, at low pH, 
but ranged from 61 to 50% at pH 6.6, de- 
pending on the refrigeration period before 
resin contacts. 

Portions of in vivo labeled milk were ad- 
justed to various pH levels and centrifuged 
at 105,000 XG for 90 min. The serum, sedi- 
ment, and fat layers were analyzed for radio- 
strontium and calcium. The amounts of stron- 
tium in the serum were 86, 46, and 19%, re- 
spectively, for pH levels of 5.2, 5.8, and 6.6. 
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Corresponding calcium levels were 84, 59, and 
33%. 

Whether the strontium was administered 
orally or intravenously to the cow, there was 
little effect on the distribution between the 
centrifuged fractions, or in the amount re- 
moved by the resin. 


M65. Optimum ratio of cations on charged 
resin for removal of radio-strontium from 


milk. A. R. LanpGreBE, L. F. EpMONDSON, AND 
F. W. Dovuauas, Jr., Eastern Utilization Re- 


search and Division, USDA, 
Washington. 

The major milk cations are calcium, potas- 
sium, sodium, and magnesium. The resin used 
in this study was Amberlite IR-120, a strong 
sulfonie acid resin. Knowing the equilibrium 
constants involving these ions and the resin, 
and the mole fraction of the ions on the resin, 
it is possible to caleulate the concentration 
of ions in a charging solution which will give 
the mole fraction desired on the resin. 

The cations in milk exist in equilibrium with 
several complexes in the serum and colloidal 
phases. Therefore, one can not use the total 
concentration of the ions in milk as the effee- 
tive concentration of the ions. Preliminary 
trials were made by passing milk through a 
resin which had been charged with a solution 
that contained the major milk cations in a 
ratio similar to the average milk composition. 

After several bed volumes of milk had 
passed through the column, the ratio of ions 
on the column approached a constant value. 
By using a charging solution of predetermined 
composition to yield this ratio, milk was ob- 
tained from the column with a minimum of 
change in the cationic composition. 

A study of the effect of the pH of milk on 
the cationic composition was also made. 


Development 


M66. The crystallization rate of milk fat. 
J. M. bE Man, University of Alberta, Edmon- 
ton, Canada. 

Previous work has established that chemical 
composition and temperature treatment of milk 
fat determine size and quantity of fat erystals 
formed. In this study, the rate of crystal for- 
mation was investigated by a dilatometrie tech- 
nique. The rate is expressed as the time re- 
quired for half of the total solidifiable material 
to crystallize under standardized conditions 
(tve). The following t,. values were obtained 
by cooling the dilatometers from 40° C. as 
indicated: in water at 20° C.—35 min.; in water 
at 10° C.—33 min.; in water at 0° C.—6 min.; 
in air at 15° C.—155 min.; in air at 5° C— 
112 min. After interesterification (randomiza- 
tion) of the fat: in air at 15° C.—100 min.; 
in water at 0° C.—8 min. After removal of 
2.2% high-melting glycerides from the fat: in 
air at 15° C.—250 min.; in water at 0° C.—9 
min. Thus, with rapid cooling, the chemical 
composition of the milk fat does not greatly 
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affect the rate of crystal formation, but with 
slower cooling the effect of the chemical com- 
position becomes more pronounced. 


M67. Conditions affecting the rearrangement 
of milk fat. J. B. Mickie, R. L. Von Gunten, 
AnD R. D. Morrison, Oklahoma State Univer- 
sity, Stillwater. 

Previous work has shown that rearranging 
milk fat with an interesterification reaction 
would soften butter made from that fat. The 
purpose of this study was to evaluate the in- 
fluence of three rearrangement reaction con- 
ditions (time, temperature, and per cent cata- 
lyst) on butter hardness. 

The largest influence on butter hardness was 
the linear effect of catalyst concentration. The 
linear effect of temperature also was signifi- 
cant, but the linear effect of time was not. 
There were significant quadratic effects for 
all three reaction conditions, but there were 
no significant first-order interactions. 

In a previous trial, the coefficient of varia- 
tion had been 24.2%; however, the value for 
the trial reported here was 1.7%. The only 
difference between the two trials was that in 
the latter trial the speed of the churning 
motor was controlled so that each batch of 
butter was worked exactly the same amount. 
Thus, it appeared that the amount of agita- 
tion during churning also was important in 
determining the hardness of butter. 


M68. Studies on the thermodynamics of but- 
ter and its physical state. J. W. SHERBON AND 
S. T. Covutter, University of Minnesota, St. 
Paul. 

The heat capacity of butter was measured 
in an electrical input calorimeter as a function 
of temperature and physical state. Included 
in the calorimeter was a system to adia- 
batically shield the sample. Temperature 
changes were detected by copper-constantan 
thermocouples and measured with a potenti- 
ometer. Plots of the heat capacity of butter 
as a function of temperature show major phase 
changes centering at —22, —9, +8-12, +19- 
24, and +27°C., while butteroil exhibited 
phase changes centering at —1l, +14, and 


27° C. The per cent of liquid fat according 
to the temperature was caleulated on the 


basis of heats of melting. Summer butter 
contained more liquid fat than fall butter 
between the temperature range of about —8 
and +12°C. A linear correlation between 
per cent liquid fat and sectility of the butter 
at 10°C. had an r value of 0.6; the correla- 
tion between per cent liquid fat and viscosity 
of the butter had an r value of 0.4. The heat 
capacity at 10° C. showed no correlation with 
sectility, viscosity, or per cent liquid fat, but 
appeared to vary with season. Pure triglye- 
erides have also been tested to help in ex- 
plaining the phase changes observed. 
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M69. Dilatometric behavior and other prop- 
erties of modified milk fats. R. R. Rigi, Dairy 
Technology Research Institute, Ottawa, Can- 
ada. 

‘he properties of milk fat have been modi- 
fed by various methods involving several 
temperature treatments, catalysts, and addi- 
tives. The effects of these treatments on 
dilatometrie behavior, refractive index, cloud 
point, and melting curve of the fat have been 
studied. 

Since the slope of the dilatometrie curve of 
a fat is indicative of its plastie range, dila- 
tometrie behavior was very useful in evalu- 
ating the efficiency of treatments to extend 
the plastic range of milk fat or to develop 
new types of fat. 


M70. The effect of homogenization on the 
hardness, oiling-off percentages, and water 
dispersion of butter. F. W. Woop ano L. M. 
McKnieut, University of Alberta, Edmonton, 
Canada. 

Conventional (churned) butter and continu- 
ously made (Gold’n Flow) butter were proc- 


essed with a butter homogenizer (Benhill 
Model Mierofix). The influence of season of 


manutaecture, storage time, and temperature, 
and mechanical adjustment of the homogenizer, 
was observed on the hardness and water dis- 
persion for each type of butter. 

The hardness of both types of butter was 
reduced. The average hardness of 42 samples 
of conventional butter, measured by the pene- 
trometer method of Kruisheer and den Herder, 
was reduced from 2.45 to 1.22 kg/4 em’ (a 
reduction of 49.8%). The average hardness 
of 31 samples of Gold’n Flow butter was re- 
dueed from 3.77 to 2.58 kg/4 em.’ (a reduc- 
tion of 31.6%). The intensive mechanical 
treatment of the butter did not increase the 
oiling-off percentage of either butter, but it 
was most effective in increasing the number 
of very small water droplets. The reduced 
hardness of both butters was maintained for 
more than 4 wk. 


M71. Blue mold cheese as a potential agent 
of chronic penicillin urticaria. R. A. Leprorp 
AND F. V. Kostkowsk1, Cornell University, 
Ithaca, New York. 

Penicillin-induced urticaria, a human allergic 
condition, is attributed by Zimmerman (A.M.A. 
Areh. Dermatol., 79:1. 1959) to Roquefort 
and Bleu cheese ingestion. It is inferred that 
penicillin originates in the cheese from Peni- 
cillian mold activity. Treatment with commer- 
cial penicillinase, reportedly, alleviates the con- 
dition. In ease histories outlined, none of the 
cheese was analyzed for antibioties, the assump- 
tion being made that practically all dairy prod- 
ucts were contaminated with penicillin. 

An earlier analytical study (J. Dairy Sei., 
37: 1184. 1954) showed no detectable peni- 


cillin in blue-mold cheese, but the test method 
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used admittedly was insensitive at its minimum 
detection level of 2 I.U. penicillin/gram. 

In light of the above medica! implications, 
a diverse number of blue-mold ripened cheese 


was examined with a new, highly sensitive 
Sarcina lutea assay method. Penicillin detee- 


tion at less than 0.004 I.U/gram was possible. 
No penicillin was detected in any of the Roque- 
fort, Blue, or Bleu cheese of the present study. 

On the contrary, it was noted with a special 
technique that blue-mold cheese often possessed 
the property of destroying added penicillin G. 
In 14 cheeses 64% displayed penicillinase-like 
activity against added penicillin. 

The present scientifie observations indicate 
that apparently blue-mold cheese is not an 
agent of penicillin-indueed urticaria in the 
human. 


M72. The eftect of varying age blends of 
Cheddar cheese on the stability of Cheddar 
Cheese spreads for the Armed Forces. Rk. I. 
Meyer, D. F. Witcox, C. C. Watts, ann G. M. 
STEED, (Juartermaster Food and Container In- 
stitute for the Armed Forces, Chieago, Illinois. 

Army-type (40 + 2% moisture and/or fat) 
has been a successful component of field ra- 
tions since World War II. Results of trials 
to evaluate revised formulas and processing 
(reported in J. Dairy Sei., 40: 607. 1957) 
were encouraging. Three new flavor varieties 
and a new continuous sterilizing processing 
technique were developed. In studies leading 
to these developments, a blend with minimum 
weighted average age of 14 mo. was used, with 
no cheese in the lots younger than 2 mo. In 
the present study, four different blends desig- 
nated as I, II, III, IV, utilizing three lots of 
cheese, 2, 10, and 24 mo. of age, were pre- 
pared in varying proportions to accord with 
Military Specification, MIL-C-595. Initially, 
blends rated in order of preferences, II (22 
mo.); III (13 mo.); IV (6 mo.); and I (2.8 
mo.). Minimum average age of each blend is 
shown in the parentheses. After 16 mo. of 
storage the order of preference was III, IV, 
I, If. Applying the foregoing data, it was 
possible to reduce the age blend of natural 
cheese to 10 mo. with no impairment of flavor, 
body, or texture. 


M73. The B-complex vitamins content of 
cheese. K. M. Suanant, I. L. Harwaway, anp 
P. L. Ketuy, University of Nebraska, Lincoln. 

Pantothenic acid and pyridoxine contents 
of cheeses were reported previously, and this 
study was undertaken to elucidate their B- 
complex spectrum. Cheeses were obtained 
from different Midwest markets and analyzed 
for niacin, biotin, and folie acid, using the 
microbiological techniques. The cheeses were 
grouped as unripened, semihard, hard, pro- 
teolytic, processed, and cheese-spread. 

The niacin content of 356 samples of 35 
cheese varieties ranged between 38 and 1246 











= ewe 


atl 





ASSOCIATION AFFAIRS 1169 


y/100 g. for Edam and blue cheese, respec- 
tively. The biotin content of 515 samples 
ranged between 0.8 and 16.6 y/100 g. for 
Gruyére and Ski-Queen cheese, respectively. 
The folie acid content of 559 samples ranged 
between 5.5 and 120.6 y/100 g. for Kankauna 
Klub and Liederkranz, respectively. The vita- 
min contents varied widely between individual 
samples of the same variety. In general, the 
proteolytic cheeses were the highest in the 
vitamin concentrations and semihard or un- 
ripened the lowest. The cheeses contained 
10 to 40% of the vitamin content of milk, 
indicating a loss of vitamins during manufac- 
ture. The organisms in the proteolytie-type 
cheeses seem to synthesize vitamins during 
ripening. Most B-vitamins tended to increase 
or decrease together in the same cheese. 


M74. A method for the analysis of cheese 
volatiles. W. A. McGuGawn ann S. G. Howsam, 
Canada Department of Agriculture, Ottawa, 
Canada. 

Techniques are presented which yield satis- 
factory gas-liquid chromatograms from 100 ¢. 
of Cheddar cheese. Cheese is centrifuged at 
high speed and the fat decanted into the pot 
of a still whieh has been flushed with nitrogen. 
The fat is frozen with liquid nitrogen, the 
vacuum pumped down, the U-tube receiver 
immersed in liguid nitrogen, and the fat 
brought to 40°C. with a water bath. The 
water bath is held at 40° C. and the sample 
stirred for 2 hr. by a magnetic stirrer—hot 
plate combination. The vacuum is broken with 
nitrogen, a serum cap is placed on one arm 
of the receiver and a rubber balloon on the 
other. The receiver is heated in a 70° C. oven 
for 20 min. and a gas sample, removed with 
a warmed syringe, is injected into the gas 
chromatography apparatus. Capillary or 0.25- 
in. columns may be used, but an ionization de- 
tector is essential. Temperature programming 
permits analysis of components boiling from 
room temperature to above 200°C. in one 
run. Up to 40 components are detectable in 
the volatiles of normal Cheddar; 80 compo- 
nents were resolved from a fruity cheese. 


M75. Comparative hydrolysis of primary and 
secondary ester positions of glycerol by milk 
lipases. G. W. GaAnper, R. G. JENSEN, AND 
J. Sampuena, Storrs (Conn.) Agricultural Ex- 
periment Station. 

We have previously found that although 
milk lipase shows specificity for the primary 
ester groups of triglycerides, some hydrolysis 
of the secondary position apparently occurs 
(J. Dairy Sei., 43: 1762. 1960). 

The present experiments were designed to 
show if milk lipase hydrolyzes the secondary 
ester position of glycerides. Several model 
compounds were synthesized in which the 1,3- 
positions of glycerol had ether groups and 


the 2-position was acylated with a fatty acid. 
The ether groups prevent the migration of 
the acyl group to the 1-position. 

The results indicate that under the experi- 
mental conditions employed, the secondary 
ester position is not appreciably hydrolyzed 
by milk lipase. 


M76. Fatty acid composition of the diglyc- 
erides from lipolyzed milk fat. RK. G. JENSEN, 
G. W. Ganper, AND J. SampuGNA, Storrs Ag- 
ricultural Experiment Station, Connecticut. 

The diglyeerides of lipolyzed milk were ob- 
tained by: (a) extraction of fat from con- 
trol and lipolyzed milk by the silica-gel 
method; (b) silica-gel column chromatography 
of the extracted fat into three fractions: tri-, 
di-, and monoglyceride; (c) further separa- 
tion of the fractions with thin-layer silica-gel 
chromatography (TLC) resulting in diglycer- 
ides spots; (d) recovery of the diglyceride 
bands from a preparative TLC plate; (e) 
infrared spectrophotometry of diglyceride frac- 
tions from (d) above; (f) conversion of the 
fatty acids in the diglyeeride fractions to 
methyl and butyl esters; (g) identification 
and estimation of the esters with gas-liquid 
chromatography. The following fatty acids 
have been identified; 4:0, 6:0, 8:0, 10:0, 
12: 0,.14:0,. 14:1, 15:0, 16:0, 16:1, 3338, 
and 18:1, where the first figure denotes 
the number of carbons and the second figure 
the number of double bonds. Three additional 
peaks were present. The quantities of fatty 
acids were distinctly different from those of 
the intact triglyceride. 


M77. Specificity of milk lipases. V. R. Har- 
WALKAR AND H. E. CaALBert, University of 
Wisconsin, Madison. 

The relative amounts of lauric-and-higher 
capric, caprylic, caproic, and butyric acids 
released from milk fat by the action of milk 
lipases were determined by separation on a 
silicie acid column. 

Analyses at different stages of lipolysis in 
whole milk induced by temperature activation 
or homogenization showed all five fractions 
were liberated. The lauric-and-higher fraction 
was the major component released at all stages. 
As lipolysis progressed, the mole per cent of 
the lauric-and-higher fraction gradually de- 
creased, whereas the butyric fraction steadily 
increased. Very few changes occurred in the 
mole percentages of other acid fraetions. A 
slight degree of selectivity for the short-chain 
fatty acids was noted upon extensive lipol- 
ysis. In a sample of milk activated by ho- 
mogenization and held for 24 hr. at 40° F., 
the mole per cent of the laurie-and-higher 
fraction dropped from 88 to 73, whereas that 
of the butyrie fraction rose from 3.5 to 12. 

The changes in the relative amounts of the 
fatty acid fractions liberated upon the lipol- 
ysis of milk fat by plasma lipase and mem- 
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brane lipase were similar to those obtained 
with whole milk lipase. 


M78. Comparison of fatty acid composition 
of milk fats produced by cows fed alfalfa, 
oat, or ground, pelleted alfalfa hay. L. M. 
Smiru anp M. Ronnina, University of Cali- 
fornia, Davis. 

In one experiment, six cows were fed alfalfa 
and oat hay alternately for 6-wk. periods in 
a double-reversal design. In a second experi- 
ment, five cows were fed long or ground (1/16, 
3/16, and 3 4-in. sereen), pelleted alfalfa hay 
in four 3-wk. periods. Milk fat 
samples were obtained during the last week 
of each period in each experiment. Fatty 
acid composition of each sample was deter- 
mined by gas-liquid chromatography and spee 
trophotometrie analysis. 

Compared to alfalfa hay, the feeding of oat 
hay produced fat with decreased amounts of 
palmitie and nonconjugated polyunsaturated 
acids, but with increased amounts of stearic 
and oleie acids. Opposite changes were indi- 
eated when alfalfa hay was ground and pel- 
leted, and the relative effects were influenced 
by the fineness of grind. The amounts of 
eaprylic through myristic and nonconjugated 
polyunsaturated acids were increased, but 
stearic and oleic acids were markedly de- 
creased with the 1/1l6-in. grind. With the 
coarser particle sizes, the effect on the ecap- 
rylie through myristic acids was less pro- 
nounced and no effect was observed on the 
polyunsaturated acids. However, the marked 
deerease in both stearic and oleie acids was 
accompanied by an increase in palmitic. 


successive 


M79. The relation of linoleate and linolenate 
to the flavors of autoxidized butteroil. HK. G. 
Hammonp, A. M. Et Necoumy, AND M. 8. DE 
PucHaL, Iowa State University, Ames. 

Pure methyl] linoleate and linolenate were 
prepared from corn oil and linseed oil, re- 
spectively. They were deodorized under high 
vacuum and allowed to autoxidize for 15 days. 
The flavor components were distilled from 
the autoxidized esters under high vacuum, 
and the distillate was fractionated by gas 
chromatography. It was found that methyl 
linoleate gave rise to the hexanal and the oxi- 
dized flavor previously found to be important 
in the flavor of autoxidized butteroil. It also 
gave rise to an oily flavor similar to the oily- 
grassy flavor found in autoxidized butteroil. 
Methyl! linolenate gave rise to a grassy flavor. 
The oily-grassy flavor previously found in 
butteroil is a blend of the oily flavor from 
linoleate and the grassy flavor from linolenate. 
All these flavor components except hexanal 
are minor, unidentifiable constituents of the 
flavor distillates. It is probable that the major 
flavor characteristics of autoxidized butteroil, 
as well as autoxidized vegetable oils, can be 
attributed to a blend of these components. 





DAIRY SCIENCE 


M80. 
brane lipoproteins. 
THOMPSON, Michigan 


Lansing. 


Characteristics of the fat-globule mem- 
J. R. BRUNNER AND M. P. 
State University, Hast 


Fat globule-membranes released from 5 
washed cream by churning, were centrifuged 
at 25,000 x G for 40 min. in aqueous solutions 
containing 10% sodium chlo- 
ride. Two fractions, a reddish brown pellet 
and «a mueoidal appearing supernatant, were 
obtained for compositional and physieal 
characterizations, 

The pellet contained 8% lipids, consisting 
of a 1:1 ratio of triglyeerides to phospho- 
lipids in which leeithin and cephalin were 
equally distributed. The protein portion of 
the pellet was insoluble in ordinary aqueous 
solvents, but was solubilized by 3% peracetie 
acid, 2’-thiodiethanol, Na.S, and by adjusting 
to pH 12. 


suerose or 8% 


The supernatant carried soluble lipopro- 
tein(s) containing approximately 45% of a 


lipid fraction composed of triglycerides (50%), 
phospholipids (23%), and a group of minor 
constituents consisting of carotenoids, mono- 
diglyeerides, squalene, cholesteryl esters, and 
free fatty acids (27% 

Klectriphoretie and ultracentrifugal data 
were obtained for the solubilized pellet, the 
intact and delipidized supernatant components. 


M81. A method for determining the free 
fatty acids in milk with gas chromatography. 
J. A. TRAMMEL AND J. J. JANZEN, Clemson 
College, Clemson, South Carolina. 

The major objective of this research was 
to develop a procedure for the removal of the 
free fatty acids present in milk and their 
subsequent analysis using gas chromatography. 

The procedure consists of the following 
steps: (1) the extraction of fat, directly from 
milk, using the procedure of Johnson and 
Gould (J. Dairy Sei., 32:435. 1949), with 
slight modifications; (2) the neutralization of 
the free fatty acids in the ethereal-fat solu- 
tion; (3) the filtration and esterification of 
the neutralized acids; and (4) the analysis of 
the ester mixture with a Perkin-Elmer 154-C 
Vapor Fractometer using a two-meter, 14-in. 
column packed with succinate polyester of 
diethylene glycol. 

Data will be presented showing the free 
fatty acid distribution in raw milk, raw milk 
with induced ranecidity, and commercially ho- 
mogenized-pasteurized milk. The free fatty 
acid distribution ranged from C, to Cy. Good- 
quality raw milks contained varying amounts 
of butyric and/or caproie acids (0 to 7.00 mg. 
butyrie per 200 ml. milk; 0 to 5.50 mg. eaproie 
per 200 ml. milk). Commercial pasteurized 
milks analyzed have shown the presence of 
free butyric, caproic, and ecaprie acids. Raw 
milks with induced rancidity showed marked 
increases in the amounts of free fatty acids 
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as compared to the original raw milk. Gas 
chromatography offers a means for studying 
the qualitative and quantitative distribution 


of the free fatty acids in milk. 


M82. Heat-induced changes in milk fat. 
W. W. Nawar anv I. S. FaGerson, University 
of Massachusetts, Amherst. 

Acetone, pentanone-2, heptanone-2, nona- 
none-2, and undeeanone-2 are shown to be 
formed in milk fat heated in the absenee of 
oxygen and moisture. The use of chro- 
matography with eapillary columns and flame 
ionization detection also reveals the presence 
of many other components. Among these, and 
present in relatively small quantities, are the 
even-numbered = carbon butanone-2, 
hexanone-2, and oetanone-2, as well as the 
n-alkanals C,, C;, Cy, and Cy, 

A temperature between 100 and 130° C. ap- 
pears to be critical for the development of an 
off-flavor. Samples of milk fat heated and 
homogenized into fresh skimmilk had a marked 
resemblence to reconstituted milk powder when 
examined by a taste panel. 

Transmittance and reflectance measurements 
indieating the effect of heat on the color of 
anhydrous milk fat have been made. 


cre 
ras 


ketones 


M83. Spray drying Cottage cheese whey. 
F. P. Hanranan anv B. H. Wess, Eastern 
Utilization Research and Development Divi- 
sion, USDA, Washington. 

Cottage cheese whey was spray dried using 
a 9-ft. Grey Jensen unit. The acid whey was 
concentrated to 45° solids, pH 4.4, then 
pumped into a specially constructed gas in- 
jeetor and mixer into which a such as 
nitrogen was injected at 2,000 p.s.i. pressure. 
The combined mixture of gas and whey con- 
centrate was then sprayed into the drier. In- 
jection of into the concentrate to be 
sprayed increased surtace area and lowered 
density of the drying particle, thus increasing 
the effectiveness of moisture removal. The 
procedure would appear to be promising for 
the drying of liquids that are normally difficult 
to spray dry and for drying larger droplets 
conventional 


gas 


gas 


than can now be dried by 
methods. 
M84. The effect of increasing the serum pro- 


tein content of Cottage cheese curd on yield 
and quality. N. W. Durrant, W. K. STONE, AND 
P. M. LarcGe, Virginia Polytechnic Institute, 
Blacksburg. 

Cheese milk (11% solids) was pasteurized 
at increments of 5° F. from 140 to 180° F. for 
30 min. Duplicate lots of curd were made plus 
a control from milk pasteurized at 143° F. 
Setting was with 10°% starter and 0.25 ml. 
rennet per 100 lb. milk. Conditions for cutting 
were determined by the Acid Coagulation 
(A.C.) test. Also, pH was measured hourly 
and at eutting. 
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The cheese miik was analyzed for total 
solids, protein, and serum protein, and the 


whey and curd for total solids and total pro- 
tein. Kach curd was scored and yield caleu- 
lated as pounds curd per pounds milk solids. 
As pasteurization was increased from 140 
to 170° F., pH at the A.C. end point increased 
from 4.7 to 5.05, and the time from setting to 
cutting decreased from 4.75 to 3.0 hr. Yield 
increased from 1.95 to 2.20 lb. and serum pro- 
tein of curd increased to 1.5 or 84% of the 
total curd protein. Quality seores of curd 
from milk pasteurized up to 170° F. was not 
significantly different from the controls. 
Increasing pasteurization from 170 to 180° 
KF. increased the pH at the A.C. end point 
from 5.05 to 5.10, did not improve vield ad- 
ditionally, and lowered the quality. 


M85. The effect of potassium sorbate on 
organisms commonly associated with Cottage 
cheese spoilage. R. L. Brap.ey, Jr., AND L. G. 


Harmon, Michigan State University, East 
Lansing. 
Two varieties of yeasts, molds, and psy- 


chrophiles were used to determine the efficacy 
of 0.050, 0.075, and 0.100% concentrations of 
potassium sorbate for preventing spoilage in 
creamed cottage cheese stored at 50° F. Cheese 
samples inoculated with the psychrophiles 
were examined every day, whereas the sam- 
ples inoculated with yeasts or molds were ex- 
amined every other day. At every examination 
interval, each sample was analyzed for total 
count, psychrophile count, yeast and mold 
count, pH, and per cent potassium sorbate. 
Analyses of the samples were terminated when 
spoilage appeared. 


Potassium sorbate was shown to possess 
fungistatic and fungicidal properties. Fungi- 


static activity was exhibited by extended Jags 
in the slope of the growth curves. The fungi- 
cidal property was evidenced when the popu- 
lations of the organisms decreased as the 
concentration of the potassium sorbate was 
increased. Potassium sorbate appeared to pos- 
sess bacteriostatic and bactericidal properties 


when used against small concentrations ot 
psychrophiles. 
There were no off-flavors in the creamed 


cottage cheese as a result of using as mueh 
as 0.100% potassium sorbate. None of the 
organisms used in this study could be shown 
to metabolize potassium sorbate as a souree 
of carbon. 


M86. Hardening of ice cream products with 
vertical refrigerated plates. J. C. Barnes, 
T. lL. Heprick, anp C. M. Stine, Michigan 
State University, East Lansing. 

The pilot equipment was of special resign 
to approximate the continuous hardening step 
in a planned system, whereby the flow under 
commercial conditions would be direet from 
package filler to the hardener and then to the 
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loading truck. Freon 22 cooled plates at —30 
or —40° F. were used to harden rectangular- 


shaped 14-gal. of packaged ice milk, sherbet, 
and ice cream with various flavors. 

In hardening ice cream to a core temperature 
of approximately 6° F. varying over-runs of 
60, 80, and 100% in vanilla or strawberry had 
little practical effect on the rate of cooling. 
A single sheet overwrap of 60-lb. Kraft paper 
did not influence the rate of hardening to an 
important extent. A plate temperature of 
—30° F. for 91 min. was comparable to —40° 
F. for 78 min. for hardening 1-gal. packages. 

Poor contact of the package surface with 
the cooling plate, frost between plate and 
package, or increasing the layers of carton 
were important in slowing the rate of heat 
transfer. 

The vertical plate system of hardening ice 
cream in the packages offers commercial possi- 
bilities with advantage of faster cooling and 
more efficient use of refrigeration and labor. 


M87. The effect of ultra high temperatures 
on certain properties of ice cream. E. 8S. Hum- 
BERT AND D. L. Gipson, University of Sas- 
katchewan, Saskatoon, Canada. 

The data obtained from 17 trials showed 
that when ice cream mix was heated in a 
plate-type heat exchanger from 230 to 260° F., 
with a ealeulated holding time of 6.6 see., no 
objectionable cooked flavor was evident until 
the temperature reached 260° F. Homogeniza- 
tion before U.H.T. treatment resulted in mixes 
with abnormally high viscosities, especially at 
250 and 260° F. Mixes with corn syrup solids 
(12.5% eane; 5% C.S.8.) had higher viscosi- 
ties than those containing only cane sugar. 
However, when mixes were homogenized after 
heating, a low-viscosity product was obtained 
which showed no increase in viscosity after 
seven days of storage at 40° F. Coarseness 
developed more rapidly in U.H.T. ice cream 
with 50% of the recommended level of stabi- 
lizer than in the vat-pasteurized, control sam- 
ples containing the full amount of stabilizer. 
This tendency was greater in ice cream made 
from mix which had been homogenized after 
heating. The information gathered to date 
indicates that the intensity of heat treatment 
and possibly the type of stabilizer employed 
were factors preventing adequate stabilization 
of the ice cream. 


M88. Identification of flavoring components 
of chocolate products for ice cream manufac- 
turing. K. S. RAMACHANDRAN AND I. A. GouLp, 
The Ohio State University, Columbus, Ohio. 

Kight chocolate flavoring materials of known 
origin and of varying composition were sub- 
jected to study with the view of isolating and 
identifying the component(s) responsible for 
the characteristic chocolate flavor. In an at- 
tempt to separate and/or concentrate the fla- 
vor-containing components, the materials were 
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extracted with petroleum ether, ethyl ether 
acetone, ethanol, and methanol. Methanol was 
observed to be the best extractant for this 
separation. 

The methanol-extracted portion was frae- 
tionated stepwise with isobutane (1), 1:1 
mixture of isobutane-carbon tetrachloride (2), 
carbon tetrachloride (3), 1:1 mixture of car- 
bon tetrachloride—chloroform (4), chloroform 
(5), 1:1 mixture of chloroform-methanol (6), 
and methanol (7). The residue remaining 
after Step 7 was also retained for study (8). 

The extractants were removed under atmos- 
pheric conditions. Fractions 1-6 were dissolved 
in a known volume of chloroform, and Frae- 
tions 7-8 were made into potassium bromide 
pellets. The fractions were then subjected to 
differential infrared analysis. 

The analyses of chocolate products from 
Accra (basic) and LaGuayra (flavor) beans 
illustrate the significant differences obtained. 
The results revealed that Fractions 5 and 6 
had 10, 13, 16, and 11 infrared spectrum dif- 
ferences, respectively. The application of these 
absorption differences to the evaluation of fla- 
vor quality of these products in ice cream has 
been investigated. 


M89. Organoleptic evaluation of chocolate 
flavoring materials for ice cream. K. S. Rama- 
CHANDRAN AND I. A. GouLp, The Ohio State 
University, Coiumbus, Ohio. 

Studies were conducted to determine the 
differences in flavor quality of 27 commercially 
available chocolate products used in ice cream 
and to compare the flavor ratings for both 
the chocolate materials and the resulting ice 
creams. 

Twenty-one products were supplied by choe- 
olate manufacturers as representative of good 
and poor materials for flavoring ice cream. 
The products were submitted to seven choco- 
late manufacturers for evaluation, on the basis 
of anticipated flavor quality in ice cream. The 
manufacturers’ panels, using a cold milk evalu- 
ation procedure, generally differentiated be- 
tween the products previously classed as good 
and poor flavors, although there were marked 
inconsistencies. The fat content of the cocoas 
did not appear to be uniformly correlated 
with flavor quality. Those products which 
were Dutched, were blends of basie and flavor 
beans, and/or which possessed relatively low 
pH often exhibited superior flavor quality. 

The chocolate products were made into ice 

cream and the ice creams evaiuated by a dairy 
panel. Although there were striking excep- 
tions, there appeared to be general agreement 
between the evaluations of the chocolates by 
the manufacturers and the ice creams by the 
dairy panel. 
M90. Consumer preferences for vanilla ice 
cream with different amounts of sugar. E. J. 
FINNEGAN AND J. J. SHeurtNG, University of 
Georgia, Athens. 
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To determine the reaction of consumers to 
varying sweetness in vanilla ice cream, a mass 
household panel with 972 individuals was 
condueted during October, 1960. Five vanilla 
ice creams which had sugar levels of 11, 13, 
15, 17, and 19% were tested. 

The ice creams were dispensed as they 
would have been in conventional supermar- 
kets. Panel members were asked to return 
questionnaires indicating a preference for 
paired samples that had been delivered to 
their homes. 


Resulting preferences, excluding no-prefer- 
ence responses, were analyzed statistically, 
using the method of rank analysis of ineom- 
plete block designs. Unequal repetitions on 
pairs indicated that the consumers preferred 
both the ice creams with 17 and 19% sugar 
over the three other ice creams. The one with 
15% sugar was preferred over the ice creams 
with 11 and 13% sugar. The ice cream with 
13% sugar was preferred to the one with 11% 
sugar. All of these preferences were sta- 
tistically significant. 


PRODUCTION SECTION 


Pl. Reliability of score card judging of hay. 
T. P. Farrcuitp, E. L. Cortey, anp G. M. 
WeRNER, University of Wisconsin, Madison. 

A hay seore card was used to evaluate 129 
samples of hay which were collected from 49 
farms. The score card was designed to rate 
hay in terms of stage of growth, leafiness, and 
color and condition. The score card was used 
on two oceasions by seven judges in an attempt 
to determine its repeatability and relation- 
ship to nutritive value. 

Within-judge repeatabilities, as estimated by 
intra-class correlations, were 0.52, 0.70, 0.80, 
and 0.74 for stage of growth, leafiness, color 
and condition, and final score, respectively. 
Between-judge repeatabilities, as estimated by 
pooling between-judge correlations, for the 
first judging were 0.48, 0.75, 0.78, and 0.77 for 
stage of growth, leafiness, color and condition, 
and final score. The corresponding values for 
second judging were 0.51, 0.77, 0.74, and 0.78. 
All estimates of repeatability were highly 
significant. 

Correlations between final score and various 
indicators of nutritive value were averaged 
for the seven judges. For first judging, these 
values were 0.45, —0.43, 0.42, and —0.58 for 
per cent crude protein, per cent crude fiber, 
estimated TDN, and per cent cellulose, re- 
spectively. The corresponding values for the 
second judging were 0.47, —0.50, 0.48, and 
— 0.63. 


P2. Effect of expanded concentrates, ground 
concentrates, and completely pelleted rations 
on digestibility and growth of dairy heifers. 
D. W. Burton, G. F. W. HAENLEIN, AND C. R. 
Ricuarps, University of Delaware, Newark. 
Three Guernsey heifers were assigned to 
each of the following treatments: long hay 
plus expanded concentrates, long hay alone, 
long hay plus ground concentrates, hay and 
concentrates at a 2 hay to 1 concentrate ratio, 
ground and pelleted. The digestibility of grain 
dry matter, determined by difference, from 
hay alone, in the group receiving expanded 
concentrates was 11 percentage points higher 


than in the group fed ground concentrates. It 
was also noted that nearly a ten percentage 
point increase in hay fiber digestibility ac- 
companied the feeding of the expanded con- 
centrates. 

In the 8-wk. growth trial which preceded 
the digestibility trial, the 12 heifers were ran- 
domly assigned one of three treatments as 
listed above except for the long hav alone. 
The average total increase in body weight was 
91, 79, and 70 lb., respectively. Bloating of 
all four animals on the pelleted ration was a 
constant problem. Average rumen pH values 
for the groups, taken at three consecutive 
weekly intervals, were 6.2 for the pellets, 7.0 
for the ground concentrates, and 7.2 for the 
expanded concentrates. 


P3. Digestion in the steer, goat, and artificial 
rumen as measures of the nutritive value of 
alfalfa harvested at four stages of maturity. 
W. J. Byer, H. F. Juman, B. R. BaumGarpr, 
AND R. P. NIeDERMEIER, University of Wis- 
consin, Madison. 

Four dairy steers and four dairy goats were 
used in simultaneous 4 X 4 extra-period Latin- 
square designed trials to determine the di- 
gestibility of first-growth alfalfa hays har- 
vested on May 24, June 7, June 23, and July 
6, 1960. The artificial rumen procedure was 
also used to estimate the digestibility of these 
hays as well as the digestibility of similar 
quadrat samples. The crude protein values 
(DM basis) of the hays and the quadrat sam- 
ples were: 27.4, 30.3; 20.8, 20.2; 15.5, 15.9; 
and 14.4, —% for the four hays, respectively. 
The estimated digestible dry matter values of 
the hays determined using the steer, goat, and 
artificial rumen, and of the quadrat samples 
using the artificial rumen were: 70.3, 72.1, 71.2, 
and 73.1 for May 25; 65.6, 63.7, 63.2, and 64.3 
for June 7; 58.2, 57.9, 56.2, and 59.0 for June 
23; 55.1, 55.4, 54.6, and % for July 6. It 
was concluded that dairy steers and dairy 
goats digested the DM to the same extent. 
This digestibility was satisfactorily estimated 
by the artificial rumen procedure now being 
used in this laboratory from either samples 
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of the hay as fed or from quadrat samples 
harvested at the same time. 


P4. The effect of the physical form on the 
nutritive value of hay fed to lactating dairy 
cows. J. M. Keir, W. A. Harpison, J. T. 
Huser, AnD G. C. Grar, Virginia Agricultural 
Experiment Station, Blacksburg. 

Four Holstein cows were used to study the 
effect of ground, pelleted, chopped, and long 
hays upon milk production and composition, 
feed intake, nutrient digestibility, and rate 
of passage. First-eutting alfalfa—orchardgrass 
hay was processed into the four physical forms 
and fed ad libitum as the sole source of nu- 
trients. Each cow received each treatment for 
28 days in a 4 X 4 Latin-square design. The 
first seven days were for adjustment to treat- 
ment, and a digestion trial (total collection) 
was conducted during the last seven days. 
Rate of passage estimates (using Cr.0O;) were 
made during the first and third periods. 

Average daily intakes of ground, pelleted, 
chopped, and long hays were 47.7, 48.2, 38.3, 
and 34.0 lb., respeetively. For the respective 
treatments milk production (4% FCM) 
amounted to 26.5, 26.0, 21.3, and 19.4 lb/day; 
fat content in milk was 3.23, 2.87, 3.27, and 
3.44%; erude fiber digestibilities were 58.6, 
43.8, 62.1, and 63.2%. Digestibility of other 
nutrients and per cent SNF in milk showed 
little difference between treatments. Highest 
fecal levels of Cr.O, for the same groups oe- 
curred at 22, 20, 32, and 28 hr. after dosage, 
indicating faster passage of ground and pel- 
leted hays. 


P5. Apparent digestibility of the dry matter, 
crude protein, and energy of alfalfa with ad- 
vancing maturity. F. A. Martz, C. H. Nouusr, 
snp D. L. Hinu, Purdue University, West 
Lafayette, Indiana. 

The experimental procedure described in 
J. Dairy Sei., 43: 868. 1960. was used to de- 
termine the apparent digestibility of fresh 
green alfalfa from May 1 to June 29, 1960 
(60 days). The average botanical composition 
of four selected dates was 7.7% weeds and 
92.3% alfalfa. The green chopped forage de- 
creased from 7 


72.7 to 58.8% digestible dry 
matter, from 22.5 to 11.4% digestible crude 
protein, from 27.2 to 15.7% erude protein, 
and from 1,426 to 1,159 Keal/lb digestible 
energy during the 60-day period. The appar- 
ent digestibility of dry matter of the fresh- 
cut material decreased only .275% per day in 
1960; whereas, the apparent digestibility of 
dry matter decreased .405% per day in 1959. 

The apparent digestibility of four hays and 
three silages which had been harvested at 
four selected dates was determined, using 
conventional digestion trials. The hays and 
silages averaged 3.59. less digestible dry mat- 
ter and 2.8% less digestible crude protein than 
the respective green-chopped materials. 
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P6. Nutrient value of forages. I. Yield and 
digestibility of nutrients at two stages of de- 
velopment. J. H. Byers anp E. E. Ormiston, 
University of Illinois, Urbana. 

Six standard digestion trials of seven days 
with four dairy steers per trial were run using 
three cuttings of alfalfa—brome grass hay, at 
bud and full-bloom stage of development of 
the alfalfa and trace-mineralized salt. Dry 
matter vield per acre for four cuttings at bud 
stage was 6,333 lb. and for three cuttings at 
full-bloom stage was 7,786 lb. Protein and 
crude fiber per acre for four cuttings at bud 
and three euttings at full-bloom stage were 
1,245 and 2,030 lb. and 1,037 and 3,231 Ib., re- 
spectively. This is en advantage of 207 more 
pounds of protein and 1,201 less pounds of 
crude fiber for the bud stage. Mean dry matter 
digestibility of three cuttings at bud stage was 
62.1, 54.8, and 62.8% and for full-bloom stage 
48.1, 57.6, and 62.2%, respectively. Yield of di- 
gestible dry matter per acre for three cuttings 
of bud stage was 3,773 lb. and for full-bloom 
stage 4,189 lb. Mean dry matter consumption 
per 100 lb. of body weight for three cuttings 
of bud stage was 1.50, 2.13, and 2.35 and for 
full-bloom stage 1.41, 1.89, and 2.20 lb., re- 
spectively. 


P7. Digestibility of timothy forage as af- 
fected by date of harvest. T. N. Mein, B. R. 
PouLton, AND M. J. ANDERSON, University of 
Maine, Orono. 

A relatively pure stand of Climax timothy 
was harvested at 11 dates, beginning on May 
27, and at weekly intervals until August 5. 
The crude protein content (dry matter basis) 
of the May 27 eutting was 28.8% and declined 
uniformly to 8.1% for the July 22 cutting, 
after which no further decline was observed. 
This trend was noted for all nutrients studied. 
The dry matter digestibility was 81.6% for 
the May 27 cutting and decreased at a near 
constant rate to 52.0% for the July 22 cutting. 
The regression of dry matter digestibility on 
date of harvest was found to be linear and 
highly significant. The regression equation 
was calculated to be Y = 84.91 — 0.48 X where 
X is equal to the number of days after May 17 
that the forage was harvested. The standard 
error of regression was 1.80. 

Protein digestibility decreased from 84.9 to 
51.6% for the May 27 and July 29 cuttings, 
respectively. The digestible energy in Cal/g, 
and the apparent digestibility of the energy, 
showed a uniform drop from 3.70 and 79.3%, 
respectively, for the May 27 cutting, to 2.30 
and 49.3% for the July 22 cutting. 


P8. Effect of low, medium, and high fiber 
supplements on the performance of lactating 
cows on pasture. F. G. OwEN AND G. E. Van 
Riper, University of Nebraska, Lincoln. 
Twelve cows were used in each of two ex- 
periments with three 3 x 3 Latin-squares as 
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the design. Alfalfa-grass from irrigated pas- 
ture was utilized by strip-grazing. During 
1959, rations consisted mainly of crecked corn 
and a high fiber mixture containing equal parts 
of brewers’ grains, ground alfalfa hay, and 
heet pulp. Rations 1, 2, and 3, respectively, 
contained 10, 50, and 90% of this high-fiber 
mixture, resulting in rations with 4, 12, and 
19% crude fiber. These rations were fed, on 
an equivalent TDN basis. Average FCM pro- 
duction (lb.), milk fat per cent, and solids- 
not-fat per cent for cows on these rations 
were, respectively: 1, 36.1, 3.65, and 8.48; 
2, 32.1, 3.63, and 8.59; and 3, 35.6, 3.75, and 
8.60. 

During 1960, rations were 4, cracked corn, 
5, relled oats, and 6, beet pulp, containing, 
respectively, 3.6, 13, and 19% erude fiber. 
Rations contained 8% molasses and were fed 
at the rate of 9.1 lb. ENE per cow daily 
throughout the experiment. FCM production 
(Ib.) and the milk fat per cent for the ration 
treatments were, respectively, 4, 38.5, and 
3.78; 5, 37.9 and 3.79; and 6, 37.7 and 3.70. 

Rations were not found to differ either year 
in their influence on observed performance 
criteria. 





P9. Effect on milk production, body weight, 
and dry matter consumption when feeding 
haylage, hay, and silage, with simple concen- 
trate supplements. H. J. Larsen anv R. F. 
JOHANNES, University of Wisconsin, Madison. 

A 112-day continuous feeding experiment 
with four groups of ten Holstein-Friesian 
cows was conducted comparing four diets: 
I—hay and grass silage with corn and oats, 
I[—hay and grass silage with ensiled ear corn, 
III—haylage with ensiled ear corn, and [V— 
haylage with corn and oats. The percentages 
of protein, fiber, and moisture for haylage, 
hay, and silage were: 1.7, 30.3, 49.0; 18.7, 
29.6, 17.4; and 15.6, 32.4, 65.0, respectively. 
The pH of haylage, silage, and ensiled ear 
corn was 5.0, 4.7, and 4.3, respectively. All 
roughages were similar mixtures of alfalfa, 
Ladino clover, and brome grass eut prior to 
1/10 bloom. 

Mean daily body weight changes and dry 
matter (in brackets) consumed per cow per 
day for the above treatments were: —0.29 lb. 
(35.13 Ib.), —0.67 lb. (36.05 lb.), —0.53 Ib. 
(39.88 lb.), and —0.88 lb. (37.55 lb.), respee- 
tively. Mean pounds FCM production per 
producing day in the same order was 44.9, 
43.7, 49.4, and 48.9, respectively. Dry matter 
consumption and FCM (in brackets) for cows 
receiving hay and silage were 35.58 lb. (44.1 
lb.) and those receiving haylage were 38.57 lb. 
(49.2 lb.), respectively. 


P10. Digestibility and intake of corn, oats, 
and sorghum silages. |). C. Foss, R. P. NIepER- 
MEIER, B. R. BAuMGARDT, AND R. D. LANceE, 
University of Wisconsin, Madison. 


The digestibility of corn, oats, and sorghum 
silages was determined using three Brown Swiss 
heifers in a 3 X 3 Latin-square designed total 
collection digestion trial. Each 21-day period 
was divided into two parts, a 16-day prelim- 
inary and a five-day collection period. Silage 
was fed ad lib. as the only feed for 14 days 
and then reduced to 100% of the average daily 
intake 48 hr. prior to the colleetion period. 
Feeal collections were made using a collection 
bag technique (Gorski et al., J. Animal Sei., 
16: 100. 1957). Dry matter intake was esti- 
mated using three cows in a similarly designed 
experiment. 

The corn, oats, and sorghum silages were 
ensiled in the early dent, boot, and early dough 
stages of maturity, respectively. As fed, the 
average moisture level was 74.6, 77.9, and 
77.4%; the average pH was 3.9, 5.8, and 3.7; 
the DM intake per 100 lb. body weight was 
1.74, 1.46, and 1.47 lb.; the digestible DM was 
65.0, 56.2, and 57.3%; the erude protein (DM 
basis) with its digestion coefficient was 9.8 and 
47.6%, 9.7 and 48.4%, 9.5 and 48.9%; the 
digestible energy was 2,549, 2,407, and 2,540 
eal/g. 


Pil. Nutritive value of Ambercane silage 
for milking cows, sheep, and rabbits. G. F. W. 
HAENLEIN AND C. R. RicHarps, University of 
Delaware, Newark. 


Ambereane (Sorghum vulgare var. sacchara- 
tum L.) silage was compared with corn silage 
in a double-reversal experimental design, using 
20 Holstein cows to determine its value for 
milk production. Consumption of fresh silage 
was higher in the Ambereane than in the corn 
groups; on a dry basis, there was no apparent 
difference in consumption. Ambercane silage- 
fed cows gained more weight than those on 
corn silage, but they produced significantly less 
milk, milk fat, and solids-not-fat. Percentage 
milk fat was not significantly different; how- 
ever, solids-not-fat percentage was significantly 
lower in the Ambercane group. Digestibility 
of the silages was determined in experiments 
with eight cows, 12 sheep, and eight rabbits. 
Nutrients in Ambereane silage were less di- 
gestible than those in corn silage. The corre- 
lation found between silage crude protein con- 
tent and digestible protein content was r = 
0.75. Digestion coefficients were significantly 
correlated between rabbits and sheep for both 
silage dry matter and protein (r= 0.98 and 
r = 0.93, respectively). 


P12. Chemical quality and feeding value of 
orchardgrass silage as affected by nitrogen 
fertilization. J. C. DerBysHire, C. H. Gorpon, 
H. G. W1sEMAN, C. G. MELIN, AND E. A. Kane, 
Animal Husbandry Research Division, ARS, 
USDA, Beltsville, Maryland. 


First-eutting orehardgrass, untreated (ON) 
or receiving 400 lb. per acre of ammonium 
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nitrate (+N) on April 19, 1960, was direct- 
cut, harvested, and stored in two 10- by 35-ft. 
upright silos May 5-6. The forages contained 
14.4 and 24.3% of erude protein, respectively. 
The composition of the respective silages by 
treatments were: per cent crude protein, 14.1 
and 25.1; ammoniacal nitrogen as per cent of 
protein, 7.8 and 23.2; and pH, 4.0 and 5.1. 
The (QN) silage had a mild odor and a light 
color, whereas the (N) silage was strong and 
dark in color, indieating a silage of poor 
quality. The silages were fed ad libitum to 
milking cows in a 120-day switchback trial 
and to sheep in a cross-over digestion trial. 
Feeding values for the ON and +N treatments, 
respectively, were: average daily FCM, 28.8 
and 29.4 lb.; average daily dry matter con- 
sumption per hundredweight, 2.00 and 1.97 lb.; 
and per cent dry matter digestibility, 71.0 and 
71.8. The equality of these silages as demon- 
strated by feeding and digestion trials was 
not indicated by present quality standards, 
since they differed markedly in these respects. 
Preservation rates and chemical character- 
istics will be diseussed fully. 


P13. Thyroprotein feeding on a one hundred-— 
cow commercial dairy farm. E. W. CoLerrs, 
T. M. SurHEeRLAND, R. G. Hinpers, anp G. M. 
Warp, Colorado State University, Fort Collins. 

On a dairy farm near Greeley, Colorado, a 
group of approximately 50 cows of all ages 
and in all stages of lactation was started on 
a thyroprotein feeding trial, while another 
like group of 50 cows was kept as a control. 
The original basis of separation by groups 
had been udder size; the larger-uddered cows 
were fed thyroprotein for a 5-mo. period and 
were given an extra 10 lb. of grain per cow 
per day. Normal management practices were 
otherwise observed. The treated group was 
producing an average of 7 lb. of milk per day 
more than the controls before treatment be- 
gan; this difference increased to 16 lb. per 
day in the first month of treatment but there- 
after quickly decreased until by the fourth 
month the controls were producing more than 
the treated animals. Post-treatment differ- 
ences became even greater. Economically, the 
balance turned in favor of the controls in the 
third month. Analysis of milk and fat pro- 
duction was carried out on the basis of first, 
second, third, and fourth-and-later lactations. 
Average differences of about $10 per cow per 
month in favor of the controls were observed 
in all groups in the later stages of the experi- 
ment. 


P14. Whole cottonseed in limited-fiber rations 
for dairy cattle. E. G. Moopy anp A. P. Cook, 
Arizona State University, Tempe. 

Whole gin-run cottonseed was used to main- 
tain the fat test of lactating dairy cows fed 
low-fiber rations in high climatic temperatures 
in a double-reversal feeding trial, using three 
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groups of eight cows each. Ration I (eotton- 
seed) consisted of 1 lb. alfalfa hay per 100 lb. 
hody weight and a grain ration consisting of 
229% cottonseed. Ration II provided 1.5 lb., 
and Ration III provided ad lib. feeding of 
alfalfa hay. In all cases sufficient grain was 
fed to meet the energy needs according to 
Morrison’s Standards. Daily treatment means 
for Rations I, IT, and III, respectively, were: 
actual milk produced (lb.), 33.9, 33.9, and 
32.9; fat test (per cent), 4.85, 4.17, and 4.36; 
fat-correeted-milk (FCM) (lb.), 37.6, 34.8, and 
34.1; body weight gain (lb.), 0.434, 0.443, and 
0.116. Treatment differences were significant 
for fat test, FCM, and body weight changes. 
Further evidence suggested that cows on lim- 
ited fiber intakes receiving daily 8 lb. cotton- 
seed, continuing a trend, in September pro- 
duced 70% as much FCM as in April compared 
to 54% production for those cows receiving 
4 lb. cottonseed on rations calculated to be 
isoealoric. 


P15. Urea in dairy ration. V. K. SINGH AND 
J. D. Donxer, University of Minnesota, St. 
Paul. 

Milk production of 436 cows in six herds 
was compared when urea-containing rations 
(up to 33% of erude protein in concentrate) 
and nonurea rations were used in three field 
trials. 

Thial I was conducted with two rations with 
and two rations without urea, according to a 
Latin-square design, using four herds. Trial 
II was conducted with two rations without and 
one with urea in an extra-period, Latin-square 
design, using six herds. Periods were one 
month. In Trial ITI, each of three herds com- 
pared two out of three rations simultaneously 
on a Latin-square design (one urea and two 
nonurea rations) for periods up to 3 mo. 

The average daily milk production was 31.2 
lb. on nonurea rations and 31.3 lb. on urea 
rations. While urea rations allowed cows to 
produce as well over short periods as cows 
receiving equal quantities of nonurea crude 
protein there likewise was no difference from 
normal compared to low-protein rations. 

The forages used were mixtures of alfalfa— 
brome hay and corn silage. Quality was con- 
stant throughout and did not interfere with 
the evaluations of urea rations. 


P16. Factors affecting the excretion pattern 
of chromic oxide in feces of dairy cows on 
pasture. A. C. LINNERUD AND J. D. DONKER, 
University of Minnesota, St. Paul. 

Six cows were fed Cr.0; (5 g/lb of pelleted 
concentrate) once (Trial I) or twice daily 
(Trial II) eight days prior to fecal collections. 
Samples of feces were taken every 2 hr. for 
72 and 48 hr. for Trial I and Trial II. Three 
pairs of cows were kept on separate pastures, 
with one cow receiving 16 lb. and the other 
2 lb. of concentrate/day. Concentrates were 
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fed at milking time; otherwise, the cows re- 
mained on pasture and received no other feed. 
Cr.0, was determined by a nitric—perchloric 
acid oxidation method. Previous work and 
the present work has shown a difference in 
the diurnal excretion of Cr.Q;, depending on 
the level of concentrate fed. Cows on high 
concentrate had an exeretion pattern that was 
more variable and about 2 hr. ahead of the 
cows on low concentrate. Variations in the 
excretion pattern on consecutive days and 
between pastures were small when compared 
to animal differences (all nonsignificant). 
Cows fed Cr.O, onee/day displayed a curve 
with one high and one low per day; whereas, 
cows fed twice daily had curves with two 
highs and two lows, with about half as wide 
a range in values. 


P17. Estimated net energy and TDN rela- 
tionships of classes of feeds. E. A. Kang, 
Dairy Cattle Research Branch, ARS, USDA, 
Beltsville, Maryland. 

A regression equation of estimated net en- 
ergy (ENE) on total digestible nutrients 
(TDN) has been published by Moore et al. 
(J. Dairy Sei., 36:93. 1953). The data from 
Tables 1 and 2 of Morrison’s Feeds and Feed- 
ing were separated into dry roughages, green 
roughages, corn silage, grass silage, and con- 
centrates. Only data of feeds on which at 
least nine TDN determinations had been made 
were used in the individual compilations. 
Whenever two ENE values were provided, 
the one for dairy cows was selected. 

All five regression slopes for the different 
groups differed from the Moore line, which 
was a composite of the five. The slopes of 
green roughages, dry roughages, corn silage, 
and concentrates were similar, but the slope 
for grass silage differed significantly from 
the others. While it is realized that the ENE 
values are estimates made from comparative 
feeding trials and not actually determined 
net energy values, the data suggest that the 
individual regression formulae for the differ- 
ent classes of feed might be more accurate 
than the general regression formula. 


P18. The use of detergents in the analysis 
of forages and determination of the effects of 
heat-drying upon proteins. P. J. Van Sosst, 
Dairy Cattle Research Branch, ARS, USDA, 
Beltsville, Maryland. 

Forage proteins will dissolve when heated 
in solutions of 4% sodium lauryl sulfate 
(SLS) buffered at pH 7.4 or 4% hexadecyltri- 
methylammonium bromide (CTAB) in 0.5 N 
+ HCl. Solutions of SLS will dissolve about 
60% of the true protein in alfalfa hay that 
has received no prior heat treatment above 
45°C. Proteins in forages dried at 80 or 
100° C. become essentially insoluble in SLS- 
reagent. Autoclaving at 10 lb. pressure and 
heating in a dry form do not produce as severe 
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denaturation as drying at a comparable tem- 
perature. Application of SLS in studies on 
the effects of barn-drying and pelleting on 
feed proteins is suggested. 

The detergent CTAB will dissolve as much 
protein in 4 hr. at 90°C. as treatment with 
pepsin for 40 hr. at 45° C. Pepsin and CTAB 
are not as sensitive as SLS toward heat-de- 
naturation, but solution is retarded in both. 
Solution of the hemicelluloses is promoted by 
CTAB, and is retarded by heat-drying. This 
detergent lends itself to the preparation of 
an acid-fiber residue of low nitrogen content. 
The replacement of SLS or CTAB for pepsin 
in the lignin determination results in a frae- 
tionation of the lignin. 


P19. Comparative study of freezing, canning, 
and drying for preserving bovine excreta for 
chemical analysis. W. P. Fiarr, H. F. RicHTEr, 
D. R. GituiamM, anp H. F. Lawson. Animal 
Husbandry Research Division, Dairy Cattle 
Research Branch, ARS, USDA, Beltsville, 
Maryland. 

Samples of feces collected from cattle dur- 
ing balance studies were preserved by (1) 
freezing, (2) canning, and (3) drying at 80° C. 
Nitrogen, gross energy, carbon, ash, and dry 
matter analyses were conducted on these sam- 
ples and compared with analyses of the (4) 
fresh five-day composites. Freezing and 
canning were effective means of storing feces 
without nitrogen loss. Approximately 10% 
(8-12%) of the nitrogen was lost when samples 
were dried at 80° C. Gross energy determina- 
tions of the wet feces, using dimethyl forma- 
mide as the primer, indicated that there were 
essentially no differences in the calorie value 
of the fresh, frozen, canned, and dried feces. 
Drying resulted in slight losses (average, 
14%) of the gross energy in one trial with 
steers receiving mixed rations, but no de- 
tectable losses were found in two other experi- 
ments with steers and five experiments with 
cows. Slight losses may have occurred, but 
the precision obtained using the wet com- 
bustion procedure was not sufficient to detect 
them. The greatest precision for all analyses, 
including dry matter, ash, carbon, nitrogen, 
and gross energy, was consistently obtained 
with dried, pulverized samples. 


P20. Is hay required to develop rumen ca- 
pacity? R. G. Warner, Cornell University, 
Ithaca, New York. 

The use of hay as a major feed for rearing 
herd replacements is sound economies. Its 
value for developing cows with more capacious 
rumens, however, has not been demonstrated 
experimentally. In our laboratory, the reticulo- 
rumen capacities of over 80 head of cattle 
have been measured at slaughter by a stand- 
ardized water-filling technique. Among them 
were five mature cows averaging 1,193 lb. live- 
weight, with reticulo-rumen capacities of 33 
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to 43 gal. or 23 to 36 liters per 100 kg. of 
empty body weight (EBW). Using the latter 
method of expression, the rate and extent of 
capacity inerease for calves receiving pre- 
dominantly hay was greatest, grain-fed inter- 
mediate, and milk-fed least. However, well- 
grown milk-fed calves, which had consumed 
some bedding, had capacities per unit of EBW 
equivalent to mature cows. The fact that the 
reticulo-rumens of older, milk-fed calves were 
not undersized when compared to mature cows 
indicates that a mature rumen-capacity to 
body-size relationship will develop even with- 
out allowing hay and/or grain consumption. 
As a working hypothesis, it is suggested that 
the greater rumen capacity per unit of EBW 
for young calves fed hay regresses to a lower 
figure by maturity. 


P21. Effects of feeding dehydrated alfalfa 
pellets as the only roughage to dairy cows. 
R. G. Hinpgrs, Gy. Vipacs, anp G. M. Warp. 
Colorado State University, Fort Collins. 

Four pair of identical twins (three lactat- 
ing and one rumen fistulated and dry) were 
divided into two groups. Rations and average 
daily milk production, fat per cent, per cent 
protein, and per cent solids-not-fat in the 
three periods were: Period (1) (2 wk.) group 
(A), alfalfa hay, 48.1, 3.02, 8.80, and 3.82; 
group (B), alfalfa hay, 51.3, 3.02, 8.74, and 
3.89; period (II) (70 days), group (A), de- 
hydrated alfalfa pellets 37.5, 2.32, 8.52, and 
3.39; group (B), alfalfa hay, 46.5, 2.90, 8.51, 
and 3.40; period (III) (2 wk.), group (A) 
dehydrated alfalfa pellets plus 25 g. Na,.HPO,, 
34.0, 1.64, 3.93, and 8.92; group (B) dehy- 
drated alfalfa pellets plus 25 g. NaHPO,, 
44.5, 2.27, 3.43, and 8.67. 

The dehydrated alfalfa pellet ration de- 
creased ruminal pH from 6.9 to 6.0 and caused 
heavy parakeratosis. Addition of phosphate 
decreased the titratable acidity of the rumen 
juice, raised the pH to 6.65, but did not elimi- 
nate the parakeratosis. 

Great differences were observed in salt and 
bone meal consumption. In period (II), group 
(A) consumed 34.5 lb. of salt and 16.7 lb. of 
bone meal, group (B) consumed only 3.9 lb. 
of salt and 6.1 lb. of bone meal. 


P22. A quantitative in vivo study of rumen 
capacity as iniluenced by milk and dry feed 
consumption. H. N. Harrison anp R. G. 
Warner, Cornell University, Ithaca, New York. 

This study was designed to test methods 
and give basie capacity data for future ex- 
periments testing the effect of the rumen on 
appetite. 

Kight Holstein heifers were assigned at 
birth to milk alone or normal chopped hay 
and grain diets. Equal gain in estimated 


empty body weight (EBW) was maintained. 
No fluid accumulated in the rumens of the 
milk-fed calves and bedding consumption was 
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prevented. Rumen capacity was measured 
through a fistula by (a) the volume displace- 
ment of the ingesta 3 hr. after feeding, and 
(b) by replacing the ingesta with warm water. 

At all ages both techniques gave _ repro- 
ducible measurements (variation 2-10%). How- 
ever, water filling resulted in capacities 1.6 
times as large as those of the naturally oe- 
curring ingesta volumes. This clearly demon 
strated the ability of the rumen to stretch 
under artificial stimulus to greater capacities 
than were present normally. In liters per 100 
kg. of EBW at 16, 28, and 48 wk. of age, 
capacities for the milk group and dry feed 
group were, respectively, 16, 14, and 15, and 
38, 42, and 33. Dry feed expansion of rumen 
capacity occurred before 4 mo. of age, and 
the milk-fed rumens grew only in proportion 
to body size. 


P23. The use of the rat to study changes of 
rumen epithelium (parakeratosis) occurring on 
dehydrated alfalfa pellet diet. Gy. Vupacs, 
R. G. Hinpers, anp G. M. Warp, Colorado 
State University, Fort Collins. 

Preliminary results showed that the white 
laboratory rat can be used as a test animal 
for study in chemical changes related to rumen 
fermentation. The rat is more desirable than 
ruminants because the phenomena of different 
deficiencies are beter known, and it is easier 
to control the experimental conditions with 
a statistically significant number of animals. 

Identical twins were used as rumen juice 
donors; one was on an alafalfa hay diet and 
showed normal rumen conditions, the other 
was fed only dehydrated alfalfa pellets which 
resulted in heavy parakeratosis. The rumen 
juice was stored in a deep freezer, and used 
as a drink for the rats which were fed a 
standard commercial rat diet. The control 
group received water to drink. Histological 
observations were made on the blood, tongue, 
esophagus, stomach, liver, adrenal, and skin. 
The most useful changes occurred in the kera- 
tonization of the squamous epithelium of the 
esophageal region of the stomach. The rats 
which drank rumen juice from the cow fed 
pelleted dehydrated alfalfa showed higher 
irritability and nervousness than the other 
groups. 

The usefulness of the rat in rumen studies 
makes possible a faster, less expensive, and 
more detailed investigation. 


P24. Multiple regression analysis of respon- 
ses to dietary calcium, phosphorus, and vita- 
min D, in young rats. P. T. CHANDLER AND 
R. G. Cracue, University of Tennessee— 
Atomic Energy Commission Agricultural Re- 
search Laboratory, Oak Ridge, and University 
of Tennessee, Athens. 

Experiments were conducted to quantita- 
tively relate dietary calcium, phosphorus, and 
vitamin D,, and to determine the optimum 
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combination of these variables in a purified 
diet for maximum absorption, retention, and 
growth in young laboratory rats. Equations 
involving linear, quadratis, and first-order in- 
teraction effects were developed and solved 
for optimum (maximum or minimum) condi- 
tions where possible (Box, J. Royal Sta. Soe. 
13, 1. 1951) for 19 dependent measurements. 
Maximum growth occurred when the rats 
were fed 0.27 and 0.21% of calcium and phos- 
phorus, respectively, with only small differ- 
ences being noted for vitamin D, up to 300,000 
[.U. per kilogram of diet. Maximum bone 
ash occurred with a diet of 0.67% Ca and 
0.50% P. However, blood Ca® reached a mini- 
mum with a diet of > 2% Ca and 0.25% P, 
and blood P* a minimum 0.27% Ca and 1.13% 
P. Blood and tissue maxima or minima for 
Ca*, P®, or stable caleium and phosphorus did 
not occur at the same level of diet as did 
growth optima, indicating dilution, caleium- 
phosphorus ratio, and palatability effects. Co- 
efficients of variation ranged from 6.7% for 
effects on per cent bone ash to 118% for Ca“ 
in kidney tissue, with most of the coefficients 
being under 30%. 


P25. The effect of feeding sodium and potas- 
sium bicarbonate on milk fat, rumen pH, and 
organic acid production. R. S. Emery anp 
L. D. Brown, Michigan State University, East 
Lansing. 

Two groups of six Holsteins each were used 
in a double-reversal trial with 21-day periods. 
The ration was 24 lb. grain and 2 lb. hay with 
1 lb. of sodium bicarbonate mixed into the 
grain during treatment periods. Sodium bi- 
carbonate prevented the depression in per- 
centage of milk fat associated with the high 
grain ration (P < 0.01). In a second experi- 
ment, three groups of three cows were used 
with a Latin-square design. The treatments 
and milk fat per cent were: control (2.1) 
sodium bicarbonate (2.9), and potassium bi- 
carbonate (2.6). Sodium and potassium in- 
creased the per cent fat (P < 0.01), but were 
not significantly different from each other. 
Mean milk yields were not affected by the 
treatments and ranged from 23 to 28 lb/day 
in the two experiments. Three fistula cows 
were fed: 1. normal ration, 2. high grain 
ration, 3. high grain + sodium bicarbonate. 
Rumen pH for these rations was: 1. 6.3, 2. 
5.8, 3. 6.4. (1 and 3 > 2, P < 0.05); molar 
per cent propionate was: 1. 16.7, 2. 18.4, 3. 
18.2. Sodium bicarbonate apparently pre- 
vented depression of milk fat percentage in 
some way other than affecting organic acid 
production in the rumen. 


P26. A comparison of various methods for 
the determination of acetic acid in venous 
blood of the bovine. C. L. Davis anp R. E. 
Brown, University of Illinois, Urbana. 
Bovine venous blood was assayed for acetic 


AFFAIRS 


1179 


acid immediately after withdrawal, using each 
of the following methods: 1) Filtrate method— 
the acids in a protein-free filtrate were con- 
centrated under vacuum in a water bath 
(50° C.) and chromatographed on a silicie acid 
column. 2) Isotope dilution—Na-acetate-1 C”* 
was added to a blood sample and after equi- 
libration (10 min. at room temperature) the 
sample was treated as in the filtrate method, 
except that 1-ml. aliquots were removed from 
each tube during the elution of the acetic acid 
from the column for radioactivity measure- 
ments. From the specific activity data the 
blood acetate concentration was calculated. 
3) Steam distillation—the volatile acids pres- 
ent in whole blood were steam distilled accord- 
ing to the method of Friedmann (J. Biol. 
Chem., 123: 161. 1938). 

The analyses of 14 different blood samples 
(duplicate and triplicate determinations using 
each method) resulted in mean blood acetate 
values as follows: Filtrate method, 6.4 
mg.%; isotope dilution, 6.2 mg.%; and steam 
distillation, 5.5 mg.%. Blood data pertaining 
to the accuracy of the filtrate method, as 
compared to methods proposed by others (Hol- 
ter et al., Maryland; Sabine and Johnson, 
Illinois; and Shibata and Umetsu, Japan) for 
blood acetate determination, will be presented. 


P27. Further studies on a salivation factor 
(SF) in leguminous forages. J. H. Byers anp 
H. P. Brogutst, University of Illinois, Urbana. 

This station continues to receive reports of 
excessive salivation following feeding of sec- 
ond-eutting red clover to dairy cattle and 
horses. Isolation of SF is hampered by lack 
of a fast, reliable assay to guide fractionation 
studies, although degree of slobbering of 
guinea pigs in response to hay fractions, given 
orally or by injection, is being employed as a 
qualitative assay. Certain properties of SF, 
such as distribution in organic solvents, posi- 
tive reaction of SF concentrates to Draegn- 
dorf’s reagent, ete., suggested that SF might 
be an alkaloid (Byers and Broquist, J. Dairy 
Sei., 43:873. 1960.). Its effects could be 
counteracted by atropine, which may imply 
a possible relationship to acetylcholine action. 
Such a hypothesis was supported by findings 
that both acetylcholine and physostigmine, an 
alkaloid which is a potent inhibitor of cholin- 
esterase, were active in minute amounts in 
causing salivation when injected into mice. 
Thus, SF might be a compound which mimics 
aetion of acetyleholine or, like physostigmine, 
may be an inhibitor of cholinesterase, causing 
acetylcholine to accumulate. Certain fractions 
have been obtained from slobber hay extracts 
following thin-film chromatography on silicic 
acid in a phenol water system which are 
Dragendorf-positive and which possess some 
anticholinesterase activity. 


P28. Acetate metabolism in fed sheep. J. R. 
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SABINE AND B. Connor JoHNSON, University 
of Illinois, Urbana. 

Acetate-1-C™ of high specifie activity has 
been infused for periods of 5 to 10 hr. into 
the jugular vein of fed sheep. From the levels 
and specifie activities of blood acetate (both 
during and immediately following infusion) 
and of respired CO., values have been obtained 
for turnover rate, turnover time, and pool 
size of body acetate, acetate space, and per- 
centage of acetate appearing as CO, and the 
percentage of total CO, derived from body 
acetate, during the period up to 12 hr. follow- 
ing feeding. 

Under these conditions the specific activity 
of blood acetate plateaued at 1 to 3 hr., and 
respired CO, at 4 to 6 hr. after commencing 
infusion. 

The following values were obtained at these 
equilibrium times: turnover time, 3-4 min.; 
turnover rate, 5-8 meq/min/100 lb. sheep; 
pool size, 15-30 meq.; acetate space, 30% of 
body weight; 30% of the infused label appears 
as CQO, during the course of the infusion; 
35-40% of the respired CO, and, therefore, 
of the total energy, comes from metabolism of 
body acetate. From the levels of volatile fatty 
acids found in the rumen it con be calculated 
that the animal would derive 40-45% of its 
energy from acetate. 


P29. Elimination of Vibrio fetus from bo- 
vine sperm stored at low temperatures. C. Nor- 
MAN, J. L. McCoy, I. D. PorTERFIELD, AND 
H. A. Wiison, West Virginia University, 
Morgantown. 

The effect of a prefreezing incubation period 
on Vibrio fetus—inoculated sperm subjected to 
dihydrostreptomycin, neomycin, and chloro- 
mycetin was observed. Each antibiotic was 
added singly to aliquots of coconut milk ex- 
tender containing Vibrio fetus (144 x 10° 
organisms/ml) and 4.4 x 10° sperm/ml. In 
addition, control aliquots without antibioties, 
and aliquots with antibiotics but no spermato- 
zoa, were allowed to incubate for 2 and 6 hr. 
at 30° C. and for 24 hr. at room temperature 
(25° C. + 2°). After ineubation, samples were 
frozen to —79° C,. After a week of storage at 
—79°C. (1) recovery of Vibrio fetus and 
(2) sperm motility were determined for each 
sample. The results of this study indicated 
dihydrostreptomyein was bactericidal at a 
680 pg/ml level after all incubation periods. 
Neomyein was bactericidal at a 250 ug/ml level 
after 24 hr. of incubation at room temperature. 
A 250 pg/ml level of chloromycetin showed 
no bactericidal effect. The prefreezing incu- 
bation periods produced no measurable effect 
on the viability or motility of the sperm cells. 
These data indicate that an appropriate pre- 
freezing incubation period can _ eliminate 
Vibrio fetus from bovine sperm suspensions 
treated with dihydrostreptomycin or neomyein 
without harming the spermatozoa. 


P30. Prolonged maintenance of bovine sperm 
in a chemically defined diluent at ambient 
temperatures (21-27°C.). ©. Norman, C. E. 
Jounson, I. D. PorTERFIELD, E. GOLDBERG, AND 
R. S. Dunpar, Jr., West Virginia University, 
Morgantown. 

A chemically defined medium, Norman and 
Johnson’s solution (N-J), has been developed 
for prolonged maintenance of physiologically 
active bovine sperm at room temperatures (21- 
27° C.). The medium is composed of 2.16% 
sodium citrate dihydrate, 500 mg.% glucose, 
182 mg.% ecaleium nitrate tetrahydrate, 45 
mg.% magnesium sulfate septahydrate, 34 
mg.% sodium sulfate, 14 mg.% potassium 
nitrate, 11 mg.% potassium chloride, 3 mg.% 
monosodium phosphate, 300 mg.% sulfanila- 
mide, 68 mg.% dihydrostreptomyein sulfate, 
31 mg.% penicillin G (Na), 150 units cata- 
lase/ml, and 4 units mycostatin/ml. For use 
in artificial breeding programs, inclusion of 
1.0% egg yolk is necessary to protect against 
cold shock, 

The economic advantages of this simple, 
inexpensive diluent are obvious. The ingre- 
dients may be stored for months as a dry 
powder ready for immediate use upon the 
addition of water and egg yolk; the diluted 
sperm suspension does not require refrigera- 
tion; the well-defined nature of the medium 
enlarges the scope of possible research with 
regard to the environmental effects on sperm 
survival. 


P31. Effect of catalase in semen extenders 
on fertility, and on sperm survival at high 
extension rates. R. H. Foorr, Cornell Univer- 
sity, Ithaca, New York. 

Catalase added to extended bull semen mark- 
edly prolonged survival of spermatozoa. A 
fertility study was conducted with 40 bulls in 
the stud of the New York Artificial Breeders’ 
Cooperative, Inc. CUE control extender was 
compared with CUE extender containing 20 
pg. of catalase per milliliter. The number of 
first services and the 60- to 90-day nonreturn 
percentages for control semen carried in the 
field for 1, 2, 3, and 4-6 days were 1,162 and 
73.4, 3,630 and 71.9, 1,891 and 69.1, and 230 
and 60.4, respectively. The corresponding val- 
ues for the catalase-treated semen were 1,221 
and 72.5, 4,022 and 71.4, 2,078 and 71.3, and 
294 and 70.4. The per cent nonreturns showed 
little decline with increasing age of semen in 
the presence of catalase, but the treatment-age 
of semen interaction was not significant (P 
> .10). Inclusion of 20 pg/ml of catalase in 
CUE and CU-16 extenders markedly improved 
survival of spermatozoa initially extended to 


5 & 10° and 10 x 10° motile spermatozoa per 


milliliter. An important and highly significant 
(P < .01) catalase-extension rate interaction 
was observed, with catalase largely eliminat- 
ing the dilution effect. 
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P32. Transport of galactose by bovine sper- 
matozoa. RK. J. Fiipse, Pennsylvania State 
University, University Park. 

Galactose-C“ was used as an indicator of 
hexose transport by washed spermatozoa, for 
it permits measurement of transport relatively 
uncomplicated by metabolic loss from the cells. 
The ratio cellular C“ : C“O, was about ten 
times as great when spermatozoa were incu- 
bated with galactose-C* as when ineubated 
with fructose-C“. An energy requirement for 
galactose transport was demonstrated, in that 
10“ M glucose or fructose increased the steady 
state level of galactose accumulation as much 
as 70%, and dinitrophenol partially inhibited 
accumulation. Galactose transfer was inhibited 
by SH-reagents; 10° M iodoacetic acid reduced 
accumulation by 75%. When 10* M HgCl, 
was added after sperm had been incubated 
with galactose-C“, the system was disrupted 
and there was a rapid loss of 60% of the 
accumulated galactose. The data indicate that 
although active transport functions in galae- 
tose transfer, other processes also contribute 
significantly. These processes apparently ac- 
count for removal of galactose-C“ when galac- 
tose-C“ is added, certain time-temperature 
relationships, and the partial inhibition by 
dinitrophenol. 


P33. The effect of nicotinamide on the liva- 
bility of bovine spermatozoa during storage. 
E. E. Jones anp G. W. Sauissury, University 
of Illinois, Urbana. 


It has been reported that bovine seminal 
plasma contains pyridine nucleotidases (DPN- 
ase and TPNase). In other biological systems, 
reports show that nicotinamide inhibits ac- 
tion of these enzymes by preventing cleavage 
of the nicotinamide-riboside linkage of pyri- 
dine nucleotides. Thus, it was postulated that 
nicotinamide might act in the same way in 
bovine semen and prolong spermatozoan liva- 
bility. Semen was diluted with a self-carbon- 
ated, high glucose, Illini Variable Temperature 
diluent containing 0, 0.02, 0.04, 0.08, 0.16, 0.32, 
and 0.64 M concentrations of nicotinamde and 
15% egg yolk (v/v). The diluted semen con- 
taining 20 X 10° sperm cells per milliliter was 
stored in glass ampules at 5 and 26°C. The 
results from six replications show that liva- 
bility increased with increasing nicotinamide 
levels up to 0.16 M at 26° C., with 30% mo- 
tility after seven days as compared to no mo- 
tility after four days in the control with 
nicotinamide. At 5° C., addition of nicotina- 
mide at levels up to 0.16 M showed no bene- 
ficial or detrimental effeet on sperm cell sur- 
vival during seven days. Levels of nicotina- 
mide above 0.16 M were toxic at both tempera- 
tures studied. There was less of a drop in pH 
and a greater dispersion of fat globules of 
the egg yolk at both temperatures in the sam- 
ples containing nicotinamide. 
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P34. The metabolism of intermediary me- 
tabolites by mammalian spermatozoa. (. N. 
Graves, University of Illinois, Urbana. 

A study was carried out to determine the 
availability of the intermediary metabolic com- 
pounds for metabolism and energy formation 
by epididymal-like mammalian spermatozoa 
(ELC). The oxygen utilized, lactate produced, 
and motility measurements during and after 
a 4-hr. incubation period at 37° C. in the War- 
burg respirometer served as the main criteria 
for determining utilization. Each substrate 
tested was present at a concentration of 27 
mM in physiological saline. The response to 
fructose at the same concentration served as 
the control. The phosphorylated compounds 
of glucose and fructose, as well as the triose 
phosphates of glycolysis, were readily oxidized. 
None of the four- and five-carbon monosac- 
charides, or the amino acids, stimulated res- 
piration and, thus, were apparently not uti- 
lized. No tricarboxylic acid cycle interme- 
diates stimulated respiration, presumably due 
to failure to enter the cell. Nucleie acids, 
purines, pyrimidines, and the compounds of 
the urea cycle were not oxidized. 


P35. Anaerobic metabolism of epididymal- 
like bovine spermatozoa and a requirement 
for carbon dioxide. J. R. LopGe, University 
of Illinois, Urbana. 


This study was conducted to learn more 
about the action of CO, in the anaerobic me- 
tabolism of bull spermatozoa. Washed epi- 
didymal-like bull spermatozoa were incubated 
for 4 hr. at 37° C. under varying p CO, in the 
Illini Variable Temperature (IVT) diluent. 
Comparisons with and without fructose, with 
phosphorylated glycolytic intermediates, and 
with and without egg yolk in the IVT were 
studied. The CO, evolved from the metabolic 
acid-bicarbonate reaction, fructose disappear- 
ance, and lactate accumulation were the eri- 
teria of measurement. The results show that 
not only is fructose necessary for anaerobic 
glycolysis but that there is a definite require- 
ment for CO.. The mean values from 28 dif- 
ferent ejaculates for CO, evolved, fructose 
utilized, and lactate accumulated for 100 x 
10° sperm cells in 4 hr. were 7.8 yul., +244 
ug., +11.0 pg. with 100% N., as compared to 
122.1 wl., —696.8 yg. +342.9 ug. with 5% 
CO, 95% Nz, respectively. The phosphorylated 
glycolytic intermediates did not support meta- 
bolism under the conditions of this study. 
Some constituent(s) of egg yolk apparently 
can substitute for the CO, requirement of 
sperm cells and is stimulatory to glycolysis 
in the presence of CQ,. 


P36. Chemical analysis of deoxyribonucleic 
acid (DNA) of bovine spermatozoa. G. W. 
Sauispury anp J. R. Lovee, University of Illhi- 
nois, Urbana. 





1182 JOURNAL OF 


In an attempt to determine if the decrease 
in Feulgen-staining material reported by us 
last year could be shown by chemical analysis, 
the commonly used acid and alkaline extrac- 
tion and diphenylamine and indole color reac- 
tion procedures, as well as a salmine precipi- 
tation and spectrophotometer technique, were 
studied. The procedure found to be the most 
successful was washing the spermatozoa four 
times with 0.9% NaCl, alkali digestion of the 
washed spermatozoa, determination of DNA 
after acid hydrolysis by the indole color reac- 
tion, and salmine precipitation followed by 
acid hydrolysis and spectrophotometric read- 
ings. The mean value of 3.38 xX 10° mg. DNA 
per sperm cell obtained from 89 observations 
on 18 fresh semen samples with the indole 
eolor reaction compares favorably with values 
reported in the literature. There was no de- 
erease in material reacting with indole during 
storage for seven days at 5° C. The mean 
value of 4.62 x 10° mg. DNA per sperm cell 
from 101 observations on the same semen sam- 
ples found by the salmine precipitation tech- 
nique was significantly higher than that from 
the indole reaction. There was a 13% decrease 
in salmine-precipitated DNA on storage of 
the sperm cells for seven days. 


P37. Spermatozoa-specific antigens in the bo- 
vine. M. J. Gorpon anp A. G. Hunter, Michi- 
gan State University, East Lansing. 

It has been suggested that all the antibodies 
produced in rabbits by injections of bull sper- 
matozoa are actually specific for adsorbed 
seminal plasma antigens rather than for the 
sperm cell itself. The following experiments 
provide evidence that spermatozoa contain at 
least one specific antigen. 

Antibodies were produced in rabbits by 
intradermal injections of 8 X 10° spermatozoa 
that had been washed five times in phosphate- 
buffered saline (pH 7.4) and suspended in 
Freund’s Complete Adjuvant. Blood sera, ob- 
tained 15 days after injection, were tested for 
antibodies by complement-fixation test and 
agar-gel double diffusion method of Ouchter- 
lony. Plates were developed at constant tem- 
perature (4° C). Precipitation was considered 
complete before plates were discarded at 30 
days. 

High titers against both bull spermatozoa 
and seminal plasma were shown by comple- 
ment-fixation. Analysis of agar-gel double dif- 
fusion data revealed that bull spermatozoa 
contain at least seven antigens, of which at 
least five are common to seminal plasma. In 
addition, a nonspecific precipitin line was often 
observed when bull seminal plasma or ex- 
tracts of seminal vesicle reacted with rabbit 
control sera or bull spermatozoa. Absorption 
of rabbit anti-bull spermatozoa sera with 
seminal plasma (Bjorklund inhibition method) 
revealed at least one specific antigen which 
is not identical with seminal plasma. 
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P38. Direct and indirect measurements of 
testicular daily sperm production (DSP). 
R. P. Amann anpd J. O. AtmaQuist, Pennsyl- 
vania State University, University Park. 

Averaging testis values from two direct 
methods, counts of testis sperm suspensions 
and quantitative histology, DSP of eight 2-yr.- 
old and four mature Holsteins was 11.4 + 0.6 
billion. Daily sperm output (DSO) on six 
ejaculates weekly (three false mounts before 
each of two ejaculates on Monday, Wednesday, 
and Friday) for these bulls was 4.81 + 0.35 
billion, or 43% of DSP (r = +0.87). Ejaeu- 
lation frequeney (zero, two, or eight weekly 
for 20 wk.) did not affect spermatogenesis. 
Based on testis sperm counts, DSP for 25 ma- 
ture bulls averaged 13.1 million; correlation 
between epididymal reserves and estimated 
DSP for 12 sexually rested mature bulls was 
+0.14. Rate of epididymal sperm resorption 
was extremely high during sexual rest. Epi- 
didymal reserves were affected by changes in 
ejaculation frequency, and initial variations in 
DSO apparently are compensated for primarily 
by reciprocal changes in rate of sperm resorp- 
tion; if DSO is increased, rate of resorption de- 
creases and vice versa. Following depletion 
of sperm reserves, the net rate of epididymel 
sperm replenishment probably is curvilinear. 
To estimate DSP indirectly from DSO, collee- 
tion of DSO data should be preceded by 1 wk. 
at the experimental frequency (one or two 
ejaculates daily) to permit stabilization of 
epididymal reserves. 


P39. The effect of frequency of ejaculation 
on the freezing and storage of bovine sperma- 
tozoa in two extenders. B. S. AHLUWALIA, 
G. R. Fisoer, W. E. Erickson, anp E. F. 
GRAHAM, University of Minnesota, St. Paul. 


Semen was collected from three sets of 
monozygotic twins and one set of monozygotic 
triplets over a perior of 3 yr. There were 
three bulls on each frequency on a_ split- 
block design, representing two ejaculates 
every other day, every fourth day, and 
every seventh day. It was frozen in both egg 
yolk and whole milk representing all frequen- 
cies four times per year. Motility ratings were 
made before and immediately after freezing, 
after 2 wk., 4 wk., 3 mo., 6 mo., 9 mo., and 
1 yr. of storage at —79° C. 

The mean motility ratings for two ejaculates 
every other day, every fourth day, and every 
seventh day were, respectively, 49.2, 42.5, and 
15.6%. There was no significant correlation 
between and within sires. The mean motility 
ratings for yolk citrate and whole milk were 
18.5 and 58.2, respectively, which was highly 
significant. Mean percentage of progressive 
fall in motility were 4, 15.5, 22.1, 40, 45, 48, 
and 53%, immediately after freezing, after 
2 wk., 4 wk., 3 mo., 6 mo., 9 mo., and 1 yr., 


respectively. 
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There was linear regression on sperm mo- 
tility, with a negative correlation of —.25: 
immediately after freezing and after 1 yr. 


of storage. 


P40. An investigation of the source or cause 
of coiled tails on bovine spermatozoa. EK. W. 
Swanson anno L. J. Boyp, University of Ten- 
Knoxville. 

Three purebred Jersey bulls were studied 
which produced semen normally containing 
50% or more coiled tailed sperm. Partial ex- 
haustions of two bulls showed that the per- 
centage of coiled tails in ejaculated semen 
generally declined as consecutive ejaculates 
were collected. Sperm with nearly normal 
characteristics were obtained after five to ten 
ejaculates in six different trials. The number 
of coiled tails in 20 samples of ejaculated 
diluted in egg yolk—buffer increased 


nessee, 


semen 
only 3.29% during storage at 5° C. for 1 to 
3 wk. Post-mortem examinations, made 1 to 


4 mo. after partial exhaustion, showed that 
the percentage of coiled tailed sperm in the 
ampullae and vas deterentiae were slightly 
below those of ejaculated sperm. Coiled tailed 
sperm in the epididymis were low (< 10%) 
and remained low when epididymal sperm 
were suspended in yolk-buffer diluent. Sus- 
pension in isotonic citrate buffer caused a 
high percentage of coiled tails. Cooling of 
epididymal sperm increased the coiled tailed 
sperm in both yolk and nonyolk diluents. Age 
and position of sperm in the genital tract, 
retention of the distal protoplasmic droplet, 
exposure to buffer solution, and cooling ex- 
plained the variations in percentage of coiled 
tails observed in these bulls. 


P41. Effect of storage temperature of bovine 
spermatozoa on motility and fertility. G. R. 
FISHER AND E. F. Grauam, University of Min- 
nesota, St. Paul. 

Motility studies were conducted on semen 
stored at temperatures of 4, —2, and —6°C. 
on 12 extenders until the estimated motility 
ratings dropped below 40%. An extender con- 
sisting of 75% whole milk, 25% fresh egg 
yolk, and 5-10% glycerol supported motility 
of spermatozoa at a level above 40% for ten 
days or more, Three breeding asso¢lations c¢on- 
ducted tield tests using this extender stored at 
0, —2. and —5° C., compared to semen stored 
at +4°C. on a split-sample basis. The 60- to 
90-day nonreturn percentages were 66.0% on 
and 65.0% on 1,221 first services with 
one- and two-day semen stored at 0°C., as 
compared with 63.89 on 24,991 first services 
with semen stored at 4° C. Sixty- to ninety 
day nonreturn percentages were 64.6% on 1,979 
and 56.4% on 1,258 first services with one 
and two-day semen stored at —2° C., as com 
pared with 71.1% on 3,139 first services with 
semen stored at 4° C. Sixty- to ninety-day 
nonreturn percentages were 69.39% of 717 and 
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56.6% ot 642 first services with one- and two- 
day semen stored at —5° C., as compared with 
71.0% on 9,188 first services with semen stored 
at 4” C. 


P42. Enzymatic degradation of hydrogen per- 
oxide in egg yolk. C. Dessarpins anv H. D. 
Hars, Michigan State University, East Lans- 
ing. 

Bovine spermatozoa produce the toxic prod- 
uct, H.O., in the course of aerobie metabolism. 
Unlike most other species, bulls’ semen con- 
tains a negligible quantity of catalase. At- 
tempts to improve fertility in egg yolk ex- 
tenders with added catalase have failed, but 
improvement has been recently shown in a 
milk extender (J. Dairy Sei., in press). These 
conflicting results may be due either to the 
presence of a catalase inhibitor in the egg 
volk extender or to the natural occurrence of 
catalase in egg yolk. 

CUE and 1:4 yolk-citrate extenders, with 
and without added catalase, were assayed tor 
catalase activity by the technique of Herbert 
(Methods in Enzymology, Vol. 2, p. 784. 1955) 
during storage for 1 wk. Catalase activity was 
uniformly demonstrable in samples to which 
catalase had been added, thus eliminating the 
possibility of a catalase inhibitor in egg yolk 
extender. Catalase was demonstrated in one 
of four fractions of egg yolk after centrifuga- 
tion at 105,000 x e@& for 24 hr. and concentra- 
tion by lyophilization. Ineluding antibioties 
eliminated the possibility of bacterial catalase. 

This evidence for inherent catalase activity 
in egg yolk probably explains the failure to 
improve fertility of bovine spermatozoa when 
catalase was added to egg yolk extenders. 


Boe 
P43. The effect of dietary dilution on nu- 
trient intake by dairy calves. J. D. Prrry- 
JOHN, J. P. Everett, Jr., anD R. D. Mocurig, 
North Carolina State College, Raleigh. 

Thirty male Holstein calves were placed on 
experiment from 2 through 8 wk. of age in 
six replications of a randomized-blocks design 
and fed ad lib. at 6-hr. intervals a commercial 
milk replacer reconstituted to contain 5, 10, 
15, 20, and 25% dry matter. Since 2 wk. were 
taken to attain maximum intake, data are 
presented for 5 to 8 wk. With increasing con- 
centration, calves consumed 59.4, 39.2, 29.8, 
23.2, and 19.4 lb/day, or 38.0, 23.6, 18.5, 14.2, 
and 12.5 jb/100 Ib. livewt/day, resulting in 
intakes of 1.96, 2.42, 2.86, 2.92, and 3.16 Ib. 
dry matter/100 Ib. livewt day and in average 
daily gains of 1.57, 2.09, 2.42, 1.85, and 1.96 Ib. 

Average daily intake decreased with in- 
creasing concentration of replacer, whereas 
dry matter intake increased, with both level- 
ing off at the higher concentrations. The trend 
for increases in height at withers was similar 
to that for average daily gain. Intake of 
water, per se, increased with concentration of 
replacer, although total water intake decreased. 
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P44. The effect of diet and of age on the 
rate of absorption of acetic acid from the 
reticulo-rumen of the young calf. J. D. Sut- 
ton, A. D. McGiuuiarp, anp N. L. Jacosson, 
Iowa State University, Ames. 

Four Holstein calves were fitted with rumen 
fistulae at two days of age. Two were fed 
milk, alfalfa pellets, and grain (MHG); the 
others milk only (M). To study absorption 
rates, rumens were emptied and rinsed, and 
a modified Krebs phosphate Ringer solution 
containing 680 mg. % acetic acid and buffered 
to pH 6.5 was introduced. Polyethylene glycol 
was included as a nonabsorbable marker. Ru- 
men pH was maintained at 6.5 + 0.2 by excelu- 
sion of saliva and by addition of 10 N H,PO, 
as required. On MHG, maximum absorption 
rates (mg. % acid per hour) at 1, 4, 8, and 
13 wk. of age, respectively, were 22, 243, 278, 
and 466 for one calf and 37, 82, 79, and 337 
for the other. Rates for calves on M were 23, 
33, 30, and 31, and 18, 19, 13, and 13. The 
lower rates in the second calf of each treat- 
ment may reflect the greater amount of acid 
administered relative to body weight. One 
ealf was switched at 19 wk. from M to MHG; 
absorption rates at 21, 27, and 35 wk., respec- 
tively, were 48, 191, and 248. Absorption rates 
did not inerease in a ealf on M to 35 wk. 


P45. The response of experimentally pro- 
duced zinc-deficient calves to dietary zinc. 
J. K. Miniter anp W. J. Miuier, University 
of Georgia, Athens. 

The low Zn diet which was used earlier to 
produce a Zn deficiency (J. Dairy Sei., 43: 
1854. 1960) was fed to three groups of three, 
three, and two calves, respectively, as follows: 
A) basal plus 50 p.p.m. Zn; B) basal until 
16 wk. old and 320 p.m.m. supplemental Zn, 
thereafter; and C) basal until they died at 18 
and 22 wk. of age. The calves were given 320 
lb. of whole milk. All the calves in Groups B 
and C developed the previously described Zn- 
deficiency symptoms, whereas those in Group 
A were normal. After being fed Zn, the re- 
eovery of calves in Group B was very dra- 
matic. An immediate increase in appetite 
coincided with a similar increase in rate of 
gain and a rapid improvement in appearance. 
From the 13th through the 16th wk., average 
daily feed intakes were 4.7, 3.3, and 3.9 lb., 
whereas weekly gains were 7, 2, and 3 lb. for 
Groups A, B, and C, respectively. Correspond- 
ing values for the next four wk., when Group 
B was given Zn, were 6.2, 6.1, and 3.7 lb. of 
feed, and 13, 10, and 0 |b. of gain. 


P46. Alterations in body hydration of grow- 
ing calves as measured by thiocyanate space. 
T. R. Wrenn, J. Brrman, anp M. OKAmoro, 
Dairy Cattle Researeh Branch, ARS, USDA, 
Beltsville, Maryland. 

Many estimates of body water have recently 
been made in order to quantitatively charac- 
terize body composition of cattle and swine. 
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In these species the resolution of total body 
water into various morphological compart- 
ments (intracellular, extracellular spaces, and 
the alimentary tract) has received little atten- 
tion. Thiocyanate, because of its rapid dis- 
tribution throughout the body, slow excretion, 
and ease of determination, has been widely 
used to estimate extracellular water. 

The volume of distribution of thiocyanate 
(SCN space) was determined in growing Hol- 
stein calves of various ages. SCN space was 
24% of body weight in 3-mo.-old calves (ca. 
260 Ib.) and decreased to 16% at 8 mo. of age 
(ca. 425 Ib.). SCN space was relatively con- 
stant during the remainder of the first year 
of life. These alterations in the fluid com- 
partments of calves are very similar to those 
observed in other species. Among the animals 
studied was a series of vitamin A-deficient 
calves. These showed essentially the same 
values as normal calves during the period 
studied. 

The results of this study indicate a definite 
decrease in the relative size of the extracellu- 
lar fluid compartment as growth proceeds. 


P47. Further studies on anemia in newborn 
dairy calves. J. W. Hisss, H. R. Conran, ann 
C. Gate, Ohio Agricultural Experiment Sta- 
tion, Wooster. 

In previous work, it was found that about 
30% of sampled calves born in the Experiment 
Station herd during 12 yr. had hemoglobin 
levels of less than 9%. This persisted for sev- 
eral weeks or until after roughage intake 
began. It was further shown that injection 
of 10 ml. of iron dextran (Armidexan—50 mg. 
Fe/ml) was effective in raising the hemo- 
globin level, indicating that the problem was 
primarily Fe deficiency. Although the hemo- 
globin levels of newborn calves ranged from 
5 to 15%, no correlation was found with the 
hemoglobin level of their dams, suggesting 
further that the primary problem was in the 
area of prenatal Fe nutrition or placental Fe 
transfer. When 22 dams were injected with 
1 or 2 g. of Fe from one to 38 days prepartal, 
no effect on the hemoglobin per cent, red cell 
volume, or red cell count was observed. The 
effect of repeated higher doses is now being 
studied. Single 10-ml. injections of Fe dex- 
tran into calves during the first three to four 
days of life resulted in increased hemoglobin 
per cent and serum Fe level, but did not en- 
hance growth in calves with low hemoglobin. 


P48. Effects of level of ration intake and 
duration of vitamin A deficiency upon some 
biochemical constituents in serum, cerebro- 
spinal fluid, and aqueous humor of Holstein 
calves fed fixed carotene intakes. [D. G. Haz- 
zARD, A. P. Griro, Jr., J. E. Rousseau, JR., 
C. G. Wortret, H. D. Eaton, 8S. W. NIELSEN, 
AND D. G. Goss.eg, Storrs (Connecticut) Agri- 
cultural Experiment Station, Storrs, Connecti- 
cut. 
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To study possible biochemical changes ac- 
companying elevated cerebrospinal fluid (CSF) 
pressure occurring in vitamin A deficiency, 48 
calves of 79 days average initial age and aver- 
age plasma vitamin A value of 7.2 y/100 ml. 
were employed. Two levels of a vitamin A—de- 
pletion ration were fed, 100%, to provide an 
anticipated seven-day increase in live weight 
of 10 lb., or 60% of this amount, for 12- or 
24-wk. durations, and one of six daily carotene 
intakes between 10 and 60 y per lb. of live- 
weight. Terminal (CSF) pressure decreased 
with increasing carotene intake at the lowest 
levels. Linear trends in serum beta-globulin 
and in the CSF total protein, albumin, and 
sodium were observed with inereasing caro- 
tene intake. Serum total protein, gamma- 
globulin and albumin-globulin ratio were sig- 
nificantly different between deficient and ade- 
quate carotene intakes. The 24-wk. period 
resulted in higher CSF sodium concentrations. 
In calves receiving the 60% depletion ration 
allowance, serum beta-globulin and glycopro- 
tein beta-globulin, CSF beta-globulin, gamma- 
globulin, sodium and potassium were lower 
and the QT electrocardiographic interval and 
systolic index were greater. 


P49. Protein-energy ratio studies in dairy 
calves. L. D. Brown anp C. A. LASSITER, 
Michigan State University, East Lansing. 


Seventy-two two-day-old calves represent- 
ing the Holstein and Guernsey breeds (36 of 
each breed) were divided into nine groups 
and raised to 86 days of age on a limited milk 
ealf starter system. Nine starters were fed 
which contained 14, 16, and 18% erude pro- 
tein and protein to energy ratios of 1:47, 
1:49, and 1:51. Within each protein group 
the energy was varied by varying the propor- 
tion of corn starch and stabilized tallow. Soy- 
bean oil meal and urea were used to vary the 
amount of protein. Alfalfa hay was ineorpor- 
ated as 25% of all starters which were made 
into 3/16-in. pellets. The average daily gains 


for the various starters were: 14%—1:47 
(1.18); 14%—1:49 (1.07); 14%—1:51 
(1.08); 16%—1:47 (1.10); 16%—1:49 
(1.04); 16%—1:51 (0.91); 18%—1:47 


(1.11) ; 18% —1: 49 (1.18) ; 18%—1: 51 (1.02). 
Calves fed 14, 16, and 18% protein starters 
made average daily gains of 1.12, 1.02, and 
1.10 lb. per day. Disregarding protein levels, 
calves fed protein to energy ratios of 1: 47, 
1:49, and 1:51 made average daily gains of 
1.13, 1.10, and 1.00. Results indicate a pro- 
tein-to-energy relationship in ealf starters. 


P50. A nitrofuran in whole milk and in a 
milk replacer. A. S. Woop, J. J. JeEzESKI, AND 
J. B. Wiiu1aMms, University of Minnesota, St. 
Paul. 


Twenty-four calves four days old were used 
in an experiment for 35 days to evaluate Fural- 
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tadone (NF 260) in whole milk and a milk re- 
placer, as a scour control. They were divided 
into four groups of six each. Group I—whole 
milk control; Group II—whole milk plus 6 
mg. Furaltadone (NF 260) per pound of body 
weight per day; Group Il/—milk replacer 
control; Group I[V—milk replacer plus 6 mg. 
Furaltadone per pound of body weight per day. 
Starting at the fifth day of age, fecal samples 
were examined for gram-negative organisms 
including common intestinal pathogens. 

Predominant micro-organisms isolated from 
samples plated directly on Salmonella-Shigella 
agar and Tetrathionate-broth enrichment cul- 
tures streaked on Salmonella-Shigella and Bril- 
liant Green agars were of the following genera : 
Escherichia, Aerobacter, Proteus, Salmonella, 
Shigella, Pseudomonas, and Klebsiella. The 
various groups of micro-organisms appeared 
in an irregular manner, except for coliforms, 
which were persistent throughout. 

Irrespective of medication, incidences of 
mild to excessive scouring occurred between 
the ages of 12 to 18 days. The average dura- 
tion of seouring periods for treated groups 
were 5.0 and 7.0 days, respectively; whereas, 
for the respective control groups the periods 
were 8 and 12 days. 


P51. A comparison of the anthrone reaction 
with a copper-reduction method for the esti- 
mation of the blood sugar of calves. H. W. 
CoLvin, Jr., J. T. ATTEBERY, AND J. T. Ivy, 
University of Arkansas, Fayetteville. 


Protein-free filtrates from 1,500 samples of 
blood from 12 calves were prepared according 
to Folin-Wu. An aliquot of each filtrate was 
analyzed for blood sugar by the anthrone re- 
agent and Somogyi-Nelson technique. The an- 
throne procedure is as follows: Pipet 1 ml. of 
sample filtrate, blank, or standard into a test 
tube and chill; add 10 ml. of ice-cold 0.05% 
anthrone dissolved in 72% sulfurie acid to 
each test tube while immersed in ice water and 
mix. After equalizing the temperature of the 
tubes in a tap water bath, place them in a 
boiling water bath for 10 min.; cool in a 
running tapwater bath. Pour the reactants 
into matched spectrophotometer cuvettes and 
read at a wavelength of 620 my» after aging 
for 1.5 hr. in the dark. Statistical analysis 
indicated that the difference between the two 
techniques was highly significant. The an- 
throne values were less than 5% greater. The 
correlation coefficient between the results of 
the two methods was 0.94. The inherent error 
in both methods was the same, as indicated 
by almost identical standard deviations. The 
anthrone method reduces the time required 
to estimate blood sugar by one-third. 


P52. Electrophoretic separation of esterases 
present in various tissues of the calf. H. A. 
Ramspy, North Carolina State College, Raleigh. 
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Extracts of calf tissues were subjected to 
electrophoresis in starch gel (0.025 M borate 
buffer, pH 8.6). Rat liver was ineluded in 
each analysis as a reference material. Ester- 
ase bands were located by ineubating the gel 
in l-naphthyl butyrate and either Blue RR 
or Blue B. The migration of each esterase, 
always anodal, was measured and expressed 
as a percentage of the leading band in rat 
liver. Sueh values consistently observed for 
each tissue are as follows: tongue (region of 
fungiform papillae), 15, 93; tongue (region 
of vallate papillae), 14, 42, 48, 93; glosso- 
epiglottie space, 14, 42, 49, 94; parotid salivary 
gland, 15, 42, 48, 93; submaxillary salivary 
gland, 15, 42, 49, 54, 93; esophagus (pharyn- 
geal end), 14, 41, 48, 92; esophagus (cardial 
end), 15, 93; reticulum, 14, 92; rumen, 14, 94; 
omasum, 15, 94; abomasum (fundie), 14, 93, 
96; abomasum (pyloric) 16, 93, 97; duodenum, 
17, 93, 96, 99; panereas, 65, 71; liver (calf), 
42, 49, 54, 75, 93, 97, 101. Oceasional samples 
exhibited staining that was suggestive of es- 
erases, in addition to those above. Moreover, 
the pancreas contained esterases that did not 
migrate diseretely. Rat liver contained at 
least 15 esterases. 


P53. The effect of repeated intrauterine in- 
oculations with bacteria on subsequent fer- 
tility in heifers. A. C. Menar, A. J. WINTER, 
S. H. MecNurt, anp L. E. Casrpa, University 
of Wiseonsin, Madison. 

Right virgin heifers received intrauterine 
inoculations of selected bacteria and bacterial 
toxins and were tested for fertility. The in- 
oculum for two heifers, given at four sue- 
cessive estrual periods, consisted of approxi- 
mately 38 million cells each from live eultures 
of Escherichia coli, Staphylococcus aureus, and 
Corynebacterium renale. Two heifers of the 
remaining six, which were inoculated on the 
third day after estrus in four successive cycles, 
received the same inoculum for the first inoeu- 
lation and for the second they received in 
addition 0.5 ml. of S. aureus toxin. The re- 
maining two inoculations of these two heifers 
and all four of the remaining four animals 
were of 250 million organisms each from live 
cultures of EF. coli and S. aureus and 1.0 ml. of 
S. aureus toxin. Following inoculations, the 
heifers usually showed purulent vaginal dis- 
charge and swelling of the cervix and uterus 
which persisted for three to four days. The 
heifers were artificially inseminated at first 
estrus following the last inoculation. Six 
heifers conceived on first service whereas two 
required a second breeding. Serological tests 
on the heifer sera revealed antibody develop- 
ment only to the S. aureus toxin. No ecarry- 
over effects of the repeatedly induced nonspe- 
cific uterine infections were obvious. 
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P54. The influence of exogenous progesterone 
upon post-partum reproductive activities in 
the bovine. 0. T. Foscare, University of 
Georgia, Athens. 

The effeet of bi-daily injections of hydroxy- 
progesterone caproate (delalutin) on intervals 
from calving to uterine involution, first estrus, 
and first corpus luteum was studied in 25 
Holstein and 14 Jersey cows. Cows were alter- 
nately assigned to either experimental or con- 
trol status as they calved. Each experimental 
animal received 21 intramuscular injections 
of progesterone at the rate of 100 mg. bi-daily. 
Controls received nothing. Treatment had a 
highly significant effect upon interval from 
calving to uterine involution. The treated and 
control averages were 44.8 and 27.8 days for 
Holsteins and 34.8 and 27.0 days for Jerseys, 
respectively. The average interval from calv- 
ing to first corpus luteum was significantly 
longer in treated animals, 62.3 days; compared 
to the controls, 40.7 days. The average inter- 
val from calving to first estrus was signifi- 
cantly longer for treated animals (70.0 vs. 
47.9 days tor the controls). For treated ani- 
mals, the average interval from the end of 
treatment to first corpus luteum was 20.2 and 
17.3 days for the Holsteins and Jerseys, re- 
spectively. In this study, breed differences 
were not significant. Progesterone had no 
effeet upon conception rate. The average con- 
ception rate for all treated animals was 71.4% 
and for the controls, 69.6%. 


P55. Effect of progesterone on breeding effi- 
ciency in dairy cattle subjected to high en- 
vironmental temperature. G. H. Srorr anp 
R. J. Wituiams, University of Arizona, Tucson. 

The use of progesterone in maintaining 
early pregnancies in lactating dairy cows sub- 
ject to high environmental temperatures has 
been investigated. First-service lactating dairy 
cows were injected (I.M.) with 500 mg. of 
progesterone (Repositol Progesterone) at the 
time of insemination, 12 hr. after standing 
heat. Every other first-service cow inseminated 
was used as a control. Of 49 animals treated, 
15 (30.6%) were pregnant at 35 days, ten 
(20.4%) showed estrus within 26 days, and 
24 (49%) resulted in apparent embryonic 
death. The controls give corresponding results 
of 25 (48%) pregnant, 11 (21.2%) showing 
estrus, and 16 (30.8%) indicating embryonic 
death. 

When the same procedure was followed with 
the treatments given at ten days post-insemi- 
nation, results were 6 (20.4%) pregnant, 14 
(35.9%) showing estrus, and 24 (49%) indi- 
cating embryonic death. The controls showed 
ll (25.6%), 12 (27.9%), and 20 (46.5%), 
respectively. 

Although the difference between the con- 
trols and treated groups in embryonic mor- 
tality and resultant final pregnancies would 
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indicate an apparent detrimental effect of 
using progesterone, particularly at the time 
of insemination, these differences are not sta- 
tistically significant. 


P56. The formation of the bovine corpus 
luteum. H. T. Grier anp G. B. Marton, Kansas 
State University, Manhattan. 

Corpora lutea from 40 dairy cows of known 
intervals post-ovulation were recovered im- 
mediately after slaughter or ovariectomy and 
processed for histological and cytological eval- 
uation. Immediately after ovulation, the theea 
externa contracts, foreing the stratum granu- 
losum into many folds, each with a core of 
theea interna. Fibroblasts and vasofactive 
cells from the theea interna rapidly penetrate 
the granulosum, which is surrounded by en- 
larging theea interna cells. By four days post- 
ovulation, granulosa cells have enlarged, ac- 
quiring luteal characteristics; vasofactive cells 
have formed capillaries which are surrounded 
by fibroblasts; and the enlarged theca cells 
have begun migrating along capillaries, inter- 
mixing with the proliferating granulosa cells. 
By six days post-ovulation, the folds of the 
granulosa have filled the original cavity and 
fused along adjoining margins. Trabeculae, 
consisting of blood vessels and connective tis- 
sue cells, remain after the enlarged theea cells 
become intermixed with the granulosa cells, 
so that by seven days post-ovulation the 
corpus luteum is completely formed and con- 
sists of: (1) the large, clear cells from the 
granulosum, and (2) the more irregular, 
darker-staining cells and the spindle-shaped 
cells, as well as the capillaries and fibroblasts 
originating from the theea interna. 


P57. Luteal function and embryo survival in 
the bovine. R. E. Srapres anp W. HANSEL, 
Cornell University, Ithaca, New York. 

The ability of oxytocin injections to inhibit 
the development of the corpus luteum was 
utilized to study the relationship between 
progesterone content of luteal tissue and em- 
bryo survival at 15 days after insemination 
in 70 Holstein heifers. Twenty of 27 untreated 
heifers (74.1%) had normal embryos and the 
average total progesterone in their corpora 
lutea was 270.2 ng. The corpora lutea of the 
seven untreated heifers from which embryos 
were not recovered had an average of 304.1 
ug. of total progesterone. Eighteen of the 43 
heifers (41.9%) treated with 7 U.S.P. units 
of oxytocin per hundredweight per day had 
normal embryos and the average total prog- 
esterone content of their corpora lutea was 
310.6 png. Fifteen oxytocin-treated heifers had 
a precocious ovulation prior to the 15th day 
and no embryos were recovered from this 
group; their corpora lutea contained only 45.8 
ug. of total progesterone. The remaining ten 
treated heifers had no embryos and _ their 
corpora lutea also contained significantly (P 
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< 0.05) less total progesterone (154.1 yg.) 
than either the treated or control heifers hav- 
ing embryos. The level of A*-pregnene-20-f-ol- 
3-one was significantly (P < 0.01) higher in 
the corpora lutea of the untreated animals 
without embryos than in any other group. 


P58. Luteal function as related to embryo 
development and pituitary and ovarian cy- 
tology in the bovine. R. E. Srapies, W. Han- 
SEL, AND K. McEnter, Cornell University, 
Ithaca, New York. 

Embryos recovered 15 days after insemina- 
tion from 20 of 27 untreated Holstein heifers 
and those recovered from 18 of 43 heifers 
treated daily with 7 U.S.P. units of oxytocin 
per hundredweight per day did not differ in 
total length, embryonic dise size, or meso- 
dermal development attained. No embryos 
were recovered from animals with less than 
100 pg. of total progesterone in their corpora 
lutea; normal embryo development appeared 
possible when the level of luteal progesterone 
was above 150 pg. The weights of the corpora 
lutea of the 15 oxytocin-treated heifers which 
had precocious ovulations were significantly 
(P < 0.01) reduced, and these corpora con- 
tained few normal luteal cells. Ten cystic 
corpora lutea were found in treated heifers 
and one in an untreated heifer. Only two 
heifers with cystic corpora lutea had embryos. 
Low levels of progesterone were found in 
cystic corpora lutea, except in one heifer that 
had a normal embryo. Four of the 15 heifers 
having a precocious ovulation did not come 
in estrus and had essentially no progesterone 
in their corpora lutea. The gonadotrophin- 
producing delta cells in the anterior pituitary 
were degranulated in those heifers which ovu- 
lated precociously and in the control heifers 
that did not have embryos. 


P59. Gross differentiation of the bovine 
uterus. E. P. Cary anp G. B. Marion, Kansas 
State University, Manhattan. 

Dated fetuses obtained from dairy cows 
were processed to study the differentiation of 
the uterus from the miillerian ducts. At 61 
days gestation the miillerian duct and mesone- 
phrie duct are contained within a common 
sheath with the miillerian duct mesiad as they 
join at the midline. The gubernaculum is at- 
tached dorsally to the sheath containing the 
mesonephrie and miillerian ducts, and termi- 
nates lateral to the umbilical arteries in the 
processus vaginalis. By 71 days, tension by 
the gubernaculum causes a rotation of the 
miilllerian duct in the region between the 
ovary and midline and marks the beginning 
of the spiral configuration of the uterine cornu. 
The uterotubal junction is marked by a thick- 
ening of the wall of the miillerian duct near 
the ovarian end. By 78 days, the body of the 
uterus has formed and transverse rugae mark 
the cervix uteri. By 93 days, the processus 
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vaginalis has become obscured, and the guber- 
naculum is contained in the posterior edge of 
the broad ligament. The cornu is turned more 
than 90° posteriorly and is held in this posi- 
tion by the broad ligament. With the forma- 
tion of earuncles by 126 days gestation, the 
differentiation of the uterus is essentially 
complete. 


P60. Effect of feeding 10 mg. stilbestrol daily 
on growth and breeding efficiency of dairy 
heifers. G. R. Krawczyk anp H. H. OLson, 
Southern Illinois University, Carbondale. 

Diethylstilbestrol was fed at a rate of 10 mg. 
per day to each of five Holstein and two 
Guernsey heifers at ages ranging from 4 to 
14 mo. An equal number of heifers of the 
same breeds and ages served as controls. The 
heifers received 4 lb. of grain per day plus 
mixed hay, salt, and minerals ad lib. During 
the 6 mo. of this treatment, the stilbestrol-fed 
heifers gained 1.73 lb. per day and the con- 
trols 1.54 lb. per day. 

Stilbestrol-fed heifers required 1.5 and con- 
trols 1.4 services per conception for animals 
that have conceived. Estrous cycles were of 
normal length for both groups. In 14 cycles 
observed for each group, controls averaged 19.2 
and stilbestrol-fed heifers 20.1 days per cycle. 
No excessive mammary development was ob- 
served in the treated group. The stilbestrol- 
fed heifers exhibited a slight swelling of the 
vulva at varying intervals which was similar 
to its appearance during estrus. 


P61. Metabolic activity of rabbit testicular 
tissue after various periods in the abdomen. 
L. L. Ewine anp N. L. VanDemark, Univer- 
sity of Illinois, Urbana. 

Earlier evidence (J. Animal Sci., 19: 1320. 
1960) indicated that tissue slices of rabbit 
testes subjected to abdominal temperature 
showed a lower endogenous metabolic activity 
at 37° C. than control tissues from testes that 
remained in the scrotum. Recently, more ex- 
tensive studies of oxygen uptake, glucose uti- 
lization, and lactic acid accumulation of slices 
of rabbit testes after 0, 2, 6, and 24 hr. in the 
abdominal cavity have been made. Tissues 
subjected to abdominal temperature for 2 hr. 
showed a significant (P < .01) inerease (22%) 
in O,. uptake, and glucose uptake and lactic 
acid accumulation, although not significantly 
different, increased 20 and 27%, respectively. 
After 6 hr. at abdominal temperature the tis- 
sues showed no significant difference from 
control in metabolic activity. However, after 
24 hr. there was a significant (P < .05) de- 
erease (19%) in O. uptake. Although not 
significant, glucose uptake decreased 19% and 
laetic acid accumulation decreased 50%. This 
change from an increased to a reduced metabo- 
lie activity brought on by the duration of the 
exposure of the testes to abdominal tempera- 
ture may be due to the depletion of the meta- 


bolie substrates which could cause degradation 
of testicular tissue at abdominal temperature. 


P62. Descent of the testis in the bovine. 
EK. B. KrEHBIEL AND H. T. Grier, Kansas State 
University, Manhattan. 

In a study of testis descent in the bovine, 
25 fetuses 55 to 262 days gestation were ob- 
tained from dairy cows immediately after 
slaughter. The fetuses were dissected and 
photographed, and sections for histological 
study were obtained. 

At 55 days gestation, the testis was sus- 
pended by the mesorchium, the gubernaculum, 
recessus vaginalis, internal spermatic artery 
and vein, inguinal canal, internal and external 
inguinal rings, and the scrotum were estab- 
lished. 

Testis descent was divided into two phases: 
(1) posterior migration within the abdominal 
cavity, and (2) ventral descent within the 
recessus vaginalis. Disproportionate increases 
in length between the gubernaculum and the 
recessus vaginalis was probably the main fac- 
tor in posterior migration. 

The testis had passed through the inguinal 
ring into the recessus vaginalis by 106 days 
and by 151 days had settled into the scrotum. 
Five main factors appeared to be involved in 
the passage through the inguinal ring and in 
further descent: (1) intra-abdominal pressure 
resulting in, (2) inereased length of the re- 
cessus vaginalis, (3) shortening of the guber- 
naculum, (4) pressure from the aponeurosis 
of the external oblique muscle and the devel- 
oping abdominal tunic, and (5) inerease in 
size and weight of the testis itself. 


P63. Effectiveness of statistical adjustments 
for yearly fluctuations in production. R. F. 
GAALAAS AND R. D. PLtowman, Dairy Cattle 
Research Branch, Animal Husbandry Research 
Division, ARS, USDA, Beltsville, Maryland. 

A study of the effectiveness of statistical 
adjustments of yearly fluctuations in milk and 
milk fat production was made in a private 
herd of Holstein-Friesian cattle, using maxi- 
mum likelihood techniques described by Hen- 
derson. 

Data consisted of 1,422 records of 369 cows 
made over a 27-yr. period. Constants were 
calculated for year and sire effects from 305- 
day, 2 X, M.E. records. Year constants ranged 
from —1,490 to +1,116 lb. for milk and —48 
to +55 Ib. for milk fat. Sire constants ranged 
from —747 to +941 lb. milk and —30 to +34 
lb. milk fat. 

Yearly averages were calculated, using ME 
records and ME records adjusted for year 
effects. Use of adjusted records reduced the 
range of yearly averages from 2,417 lb. of 
milk and 106 lb. of milk fat to 1,107 lb. of 
milk and 46 lb. of milk fat. Mean squares for 
between years were reduced by 63% for both 
milk and milk fat when the year-corrected 
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records were used. The regressions of milk on 
year were +6.63 and —17.88 lb. for the ME 
and year-corrected records, respectively. The 
corresponding regressions for fat were +1.071 
and +1.069 lb. The variations left in the 
yearly averages should be largely genetic. 


P64. Accuracy of evaluating A.I. sires in 
selected herds. H. W. Carter, Cornell Uni- 
versity, Ithaca, New York. 

To determine if young sires used in A.I. 
studs could be sampled in selected herds, 33 
Holsteins with over 100 A.I. daughters with 
records were selected. All records were ad- 
justed to a 2 X, 305-day, M.E. basis and com- 
pared to the production of their contempo- 
raries. These were then sorted to milk fat 
level of the contemporaries, and divided into 
five equal groups as top 20%, second 20%, 
ete. A regular A.I. daughter level study was 
then made independently with each 20% 
group, with adjustments for herd, year, and 
season of freshening, and number of daugh- 
ters. The sires were ranked according to the 
milk fat production of their daughters for 
each group. The correlation was computed 
between the rank in each selected group and 
that of the regular A.I. daughter study. These 
correlations are: in the lowest herds, .84, 
in the second lowest herds, .87; in the aver- 
age herds, .90; in the second highest herds, 
81; and in the highest herds, .86. Increas- 
ing number of daughters increased the corre- 
lations. These data indicate that A.I. sires 
ean be proved in selected herds with a reason- 
able degree of accuracy, where the dairyman 
does not have a monetary interest in having 
the sires look good. 


P65. The heritability of milk yield at differ- 
ent levels of production and the effect of pro- 
duction differences on dairy sire appraisals. 
E. B. Burnside and J. C. RENNIE, Ontario Ag- 
ricultural College, Guelph, Canada. 

Data consisting of 40,374 single Ontario 
Holstein R.O.P. records, completed in 1956 to 
1958 inelusive, were used to estimate the heri- 
tability of milk yield at seven herd production 
levels by the intra-herd paternal half-sib cor- 
relation method. Rank correlations were cal- 
culated between the ranking of 19 sires based 
on 6,156 daughter records, expressed both as 
daughter averages and weighted contemporary 
comparisons, at four herd production levels. 
The mean of the standard deviations of the 
sire components of variance estimated in ¢al- 
culating the heritabilities was compared with 
an over-all estimate of the standard deviation 
of the sire variance to measure sire-level inter- 
action. 

Heritability estimates of 0.24, 0.33, 0.30, 
0.32, 0.36, 0.35, and 0.26 were obtained from 
the lowest to the highest production levels, 
respectively, and when plotted against pro- 
duction level, the estimates fitted a quadratic 
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curve (P =.07). All rank correlations were 
significant, ranging from +0.46 to +0.78. Com- 
parison of the mean with the over-all standard 
deviations of the sire components of variance 
also indicated that sires rank essentially the 
same at all production levels. 


P66. Effects of herd, breed, sire, and season 
on persistency of milk production. 0. T. STaLi- 
cup, J. M. Rakes, anp O. H. Horton, Univer- 
sity of Arkansas, Fayetteville. 

Average lactation curves were calculated 
from 878 lactations of four dairy breeds to 
determine differences in persistency due to 
herd, breed, sire, and season. Lactational 
curves were divided into 12 segments to facil- 
itate calculation of correlations between yields 
at different stages of lactation. Jersey lacta- 
tional yield was highest with spring freshen- 
ing; whereas, the Holstein lactational yield 
was highest with winter freshening. The per- 
sistency index was highest with fall freshen- 
ing for both breeds. Numbers in the Brown 
Swiss and Guernsey breeds were not large 
enough to separate seasonal effects. 

Correlations between all segments of the 
lactation curves were calculated. The highest 
correlations were obtained between yield, the 
20th day of lactation, and yield at the peak 
(0.86 to 0.96). Correlations between different 
segments of the lactation curve 60 days apart 
ranged from 0.59 to 0.84. Herd, breed, and 
season exhibited the largest effects on per- 
sistency of lactation. Breeds responded dif- 
ferently to different seasons. Herd differences 
in persistency were observed between two 
herds. Sire group differences in persistency 
of milk production within breeds were ob- 
served to be small. 


P67. Caesarean sections as a genetic and 
embryological research tool. Krirn Huston, 
J. L. Noorpsy, 8S. T. Smirn, E. P. Cau, anp 
F. H. Osperst, Kansas State University, Man- 
hattan. 

To hasten progeny tests and obtain dated 
embryos, repeat Caesarean sections have been 
performed after pregnancy diagnosis by rectal 
palpation. This method was chosen after at- 
tempted embryo removal by hormonal injec- 
tions failed. 

Sixteen operations have been performed on 
11 females ranging in age from 18 mo. to 4 yr. 
Three females had had two calves previously; 
the remainder were heifers. Embryos and 
fetuses obtained have ranged in age from 41 
to 228 days. 

One heifer has had three Caesarean opera- 
tions in 6 mo. and two others have had two 
each in 5 and 4 mo., respectively. Three addi- 
tional second operations are now scheduled. 

Estrus oceurred as early as seven days after 
operation; however, no conception resulted 
from breeding at this time. The earliest con- 
ception was 36 days post-operation. 
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Two cows believed pregnant 31 and 39 days 
were found not pregnant when the uterus was 
opened. In the case of the 31-day pregnancy, 
fetal membranes were palpated, but no embryo 
was recovered. In the other, no membranes 
could be palpated. 

In these operations, a 41-day microcephalic 
embryo and a macerating fetus of undeter- 
mined age have been obtained. 


P68. Relationships between solids-not-fat and 
other constituents and properties of milk. 
W. A. Krienke anp C. J. Witcox, Florida 
Agricultural Experiment Station, Gainesville. 

Data from 2,052 randomly selected, daily, 
composite milk samples from Holsteins, Jer- 
seys, and Guernseys of the Dairy Research 
Unit herd were analyzed. Within-breed zero- 
order correlations were obtained between all 
combinations of variables: (1) per cent solids- 
not-fat (SNF), (2) per cent fat, (3) pH, (4) 
per cent acidity, (5) per cent protein, (6) per 
cent chloride, and (7) milk yield from which 
sample was taken. Within-breed multiple cor- 
relations (R*) between (1) and (2-7) ranged 
from 0.76 to 0.86; R* over all breeds was 0.89. 
R*® over all breeds was essentially unaffected 
by deletion of variables (3), (4), or (4, 7). 
Ranges of partial correlations (within-breeds) 
between per cent SNF and other variables 
were, with (2) 0.18 to 0.35, (3) —0.09 to 
—0(.14, (4) 0.06 to —0.13, (5) 0.56 to 0.69, 
(6) —0.37 to —0.61, and (7) —0.06 to —0.15. 
Within-breed or combined-breed regression 
equations which attempted to predict per cent 
SNF from all other measurements were asso- 
ciated with unbiased standard errors of esti- 
mate of 0.20 to 0.23. Variability in per cent 
SNF was practically unrelated to per cent 
acidity, pH, and the milk yield from which 
the sample was taken, but was moderately 
related to per cent fat, per cent protein, and 
per cent chloride. 


P69. Relative protein content of milk pro- 
duced by four breed groups in a tropical en- 
vironment. J. V. BATEMAN AND J. DE ALBA, 
Inter-American Institute of Agricultural Sei- 
ences, Turrialba, Costa Riea. 

A herd consisting of milking Criollo, pure- 
bred Jersey, Sindhi-Jersey, and Sindhi-Swiss 
breed groups has been tested monthly for 
protein as well as for milk fat for the last 
3 yr. The formal titration test as described 
by Richardson et al. of Oregon was used. This 
herd is located in the humid tropies, at 10° 
N. latitude. 

The average protein test was computed on 
a lactation basis, using animals with nine or 
more months of production in the milking 
herd. The average protein test and ranges 
were: Criollo, 58 lactations, 3.59%, ranging 
from 3.14 to 4.26; Jersey, 60 lactations, 3.37%, 
ranging from 2.91 to 3.90; Sindhi-Jersey, 22 
lactations, 3.31%, ranging from 2.90 to 3.69; 
and Sindhi-Swiss, 30 laetations, 3.29%, rang- 
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ing from 2.92 to 3.96. 

There was a positive correlation between 
protein test and milk fat test for all breed 
groups. Differences in stages of lactation, 
among all lactations, and among different lac- 
tations by the same animal, were significant 
for all breed groups. However, no definite 
trends were noted. 


P70. Vital statistics of Holstein dairy cattle 
and their effect on herd increase. A. M. Meek 
nD J. L. Lusn, Iowa State University, Ames. 

A method was developed for obtaining life 
expectancies and related statistics from the 
age distribution of the milking herd. Data on 
14,133 ealvings in the Iowa State Institution 
herds and 1,667 ealvings in the Iowa State 
University herd were used. The method yields 
figures not quite 3 mo. longer than were ob- 
tained using actual ages at death. This seems 
unimportant. The statistics from age distribu- 
tions may be used for studying herd increase 
with little error. 

Other statistics obtained were average age 
at calving or generation interval from dam to 
ealf (4.9 yr.), calving interval (13.8 mo.), 
average age at first calving (31.0 mo.), and 
productive lifetime (3.9 yr.) from first calving 
to disposal. The uses of these figures and their 
relation to herd size are indicated. A measure 
of possible rate of change in herd size is 
developed. 


P71. Some genetic and environmental aspects 
of certain performance traits in a Louisiana 
Holstein herd. C. Branton, D. L. Evans, AND 
W. H. Warers, Louisiana State University, 
Baton Rouge. 

Milk and fat yield, breeding efficiency, and 
physiological efticiency of milk yield (coeffi- 
cient of efficiency or C.E.) are among the 
more important economie traits in dairy cattle 
breeding. Studies were undertaken in the 
Louisiana State University Holstein herd to 
determine estimates of the heritability of each 
of these traits and the genetie correlations 
among them. Estimates of heritability were 
obtained by the intrasire regression of daugh- 
ter on dam method. Genetic correlations were 
computed from the appropriate intrasire re- 
gression coefficients. The production records 
were 2 X, 305-day, M.E. milk and fat records 
(first lactations only). The coefficient of effi- 
ciency was calculated from the following 
formula: 

CE 52.6 (F.C.M.) 
8.85 W + (F.C.M.) 
Breeding efficiency was ecaleulated from the 
formula : 


(365 (N —1) (100) 


Be. = 
D 
where V = total number of parturitions and 
D = number of days from first to last par- 
turition. 
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The heritability of milk and fat yield was 
estimated to be 0.24 and 0.24, respectively, 
from data on 222 daughter-dam pairs repre- 
senting 21 sires. The genetic correlation be- 
tween milk and fat vield was calculated to be 
0.88. Data on breeding efficiency and physio- 
logical efficiency are being analyzed and will 
be reported on later. 


P72. Environmental factors affecting nonfat 
solids and protein content of milk. J. M. 
TreecE, L. O. GitmMorgE, N. S. FECHHEIMER, 
AND R. G. WaAsHusurRN, Ohio Agricultural Ex- 
periment Station, Wooster. 


Individual, semi-monthly milk samples were 
obtained from 84 Holstein-Friesion cows in 
one substation herd comprising 179 total lac- 
tations from 1955-1960 and from nine pairs 
of identical twins of several breeds located 
at the main station during the first lactations. 
Also, individual milk samples were obtained 
at irregular intervals, three to five times dur- 
ing the lactation from 30 Jersey cows in an- 
other substation herd during 87 lactations from 
1953-1956. Kjeldahl procedures were used to 
determine protein, and weighing and drying 
procedures were used to determine nonfat 
solids content in the milk samples. 

It was found that protein and nonfat solids 
content were high immediately after calving 
and rapidly declined to the lowest level 45-75 
days after calving. The content then increased 
to the end of the lactation, with at least part 
of this increase due to advancing pregnancy. 
The protein and nonfat solids content sig- 
nificantly decreased as the cow aged. The 
feeding of a high grain ration did not sig- 
nificantly affect the protein content of milk 
produced. Month of calving also influenced 
the protein content of milk. Frequency of 
milking had no influence on protein content. 


P73. Effect of sudden exposure to hot con- 
ditions on physiological functions of dairy 
heifers. J. E. Jonnston, G. A. Hinpery, D. H. 
Hixu, anp A. J. Guipry, Louisiana Agricultural 
Experiment Station, Baton Rouge. 


Nine yearling heifers, including three each 
of Jersey, Holstein, and F, Red Sindhi—Hol- 
stein breeding, were maintained under con- 
trolled climatic conditions for 138 days. The 
first 88 days were cool (60-70° F.) and the 
final 40 days hot (75-95° F.). Average daily 
gain declined in all animals during the first 
20 days after exposure to hot conditions, but 
recovered during the second 20 days. Dry 
matter intake declined and recovered in a 
similar manner. Exposure to heat resulted in 
rises in water consumption, apparent dry 
matter digestibility, body temperature, res- 
piratory rate and volume, estimated heat pro- 
duction and PBI, whereas thyroxine utiliza- 
tion rate and erythrocyte volume declined. 
Plasma volume did not change. These data 
may be interpreted as indicating that metabo- 


lic adjustments to hot conditions were incom- 
plete after 30-40 days, even though dry matter 
intake and growth rate had returned to normal. 
Some physiological factors other than those 
studied would appear to be responsible for 
this recovery of productive function. 


P74. Role of heat tolerance and production 
level in responses of lactating Holsteins to 
various temperature-humidity conditions. H. D. 
JoHNnson, H. H. Kipier, A. C. RaGspate, Uni- 
versity of Missouri, Columbia; I. L. Berry 
AND M. D. SHanxiin, ARS, USDA, Beltsville, 
Maryland. 

Gradual adjustments (acclimation) in feed 
intake, H.O intake, body temperature, and 
milk production are demonstrated by 2-wk. 
exposures of cows to various temperature- 
humidity conditions in the Missouri Climatic 
Laboratory. Heat-tolerant high producers and 
low producers displayed different responses. 
The trends were expressed graphically and 
by slopes (b values). Heat-intolerant cows 
and high producers display the greatest slopes 
at the various conditions. 

Differences of 2nd-wk. average for 12 cows 
at each treatment from base (65° F.) were 
significant for all treatments (75°-95% R.H.., 
80°-30, 50, 80% R.H., 85°-50, 70% R.H., 90°- 
20, 25, 40, 50% R.H., and 95°-25% R.H.) with 
the exception of 75°-90% R.H. and 90°-20% 
R.H. 

The role of humidity may be observed by 
plotting milk data versus a temperature-hu- 
midity index. Milk losses vs. temperature- 
humidity indices are reported for lactating 
Holstein cows at several production levels 
(30, 40, and 50 lb/day). For example, at the 
temperatures studied, the milk production of 
40-lb. cows declined about 0.13 lb. per each 
degree increase in dew-point temperature. 


P75. Vaporization rates of Brown Swiss, 
Holstein, and Jersey calves at air temperatures 
ranging from 33 to 95° F. R. G. Yeck Aanp 
I. L. Berry, Agricultural Engineering Research 
Division, ARS, USDA, Beltsville, Maryland, 
and H. H. Kisier, University of Missouri, 
Columbia. 

Moisture vaporization rates of 18 dairy 
calves, raised at 50 and 80° F. air tempera- 
tures, were measured at air temperatures 
ranging from 33 to 95° F. Total vaporization 
and respiratory vaporization were measured 
directly. Skin vaporization was determined 
by subtracting the respiratory vaporization 
from the total vaporization. 

The vaporization rates of all breeds in- 
creased with increasing temperature, with 
the greatest rates of increase occurring at 
temperatures between 65 and 80° F. The calves 
vaporized about 0.50 lb. of water per hour per 
1,000 Ib. body weight at 33° F. air tempera- 
ture, and about 1.75 lb. of water per hour per 
1,000 lb. body weight at 95° F. air tempera- 
ture. Vaporization rates per unit body weight 
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and per unit heat production were similar for 
all breeds. Respiratory vaporization accounted 
for 18 to 40% of the total vaporization. The 
heat lost by evaporation increased from 15% 
of the total heat production at 33° F. to 60% 
at 95° F. There were no consistant difierences 
in vaporization rates between the 50° F.-ac- 
climated and the 80° F.-acclimated groups. 


P76. Fallout levels of Cesium™ in U. S. milk 
as influenced by feeding practices. G. M. 
Warp, Los Alamos Seientifie Laboratory, Uni- 
versity of California, Los Alamos, New Mexico. 

Weekly samples of powdered milk have been 
collected from plants in the U. S. and Canada 
since 1956. This network at the maximum 
consisted of 55 plants and in 1960 was reduced 
to 16 The fission product, Cesium™, in milk 
reached a maximum in the spring of 1959 and 
has since decreased rapidly with the cessation 
of nuclear weapons testing. 

Large variations in Cesium™ levels by areas 
have been observed. The levels in the spring 
of 1959 ranged from 31 to 167, whereas in 
the fall of 1960 the range was 3 to 43 pye. 
Cesium’ /g K. 

Likely explanations for the geographical 
variations are differences in (1) fallout, (2) 
rainfall, and (3) feeding practices. (1) and 
(2) do not give completely satisfactory ex- 
planations for all the differences found. Feed- 
ing practices, particularly the dependence of 
cows within an area on old heavily sodded 
grass pastures, appear to be an important 
factor contributing to high milk levels. Corn 
silage and alfalfa hay, on the other hand, 
appear to decrease levels. The relation of 
feeding practices to milk levels of Cesium™ 
will be discussed for the more diverse areas. 


P77. Hydrocortisone secretion rate in the 
cow. R. R. Anperson, G. W. Pipes, W. R. 
Miutier, AND C. W. Turner, University of 
Missouri, Columbia. 

Hydrocortisone-4-C“ was injected intrave- 
nously into a lactating (20 lb. milk per day) 
Guernsey cow (550 kg.). Blood samples were 
taken at 15, 30, 45, 60, 90, and 120 min. after- 
wards. Hydrocortisone level in blood was de- 
termined by chemical method for 17-OH corti- 
eosteroids (Robertson and Mixner, J. Dairy 
Sei., 39: 589. 1956.). Plasma and cells were 
separated and each extracted first with ethyl 
acetate (to separate free corticoids) and see- 
ondly with butanol (to separate conjugated 
corticoids). Extracts were purified and dis- 
solved in toluene before counting radioactivity 
in a Packard Tri-Carb Liquid Scintillation 
Spectrometer Model 314. No radioactivity 
was recovered in extracts for conjugated corti- 
coids. Very small amounts of radioactivity 
were recovered in ethyl acetate extract of 
cells. Application of log of radioactivity in 
plasma samples to method of least-squares 
analysis gave a regression of —0.027 per min- 


ute or a tl of 25.8 min. Volume of distribu- 
tion was 301,700 ml. or 54.5% of body weight. 
Plasma 17-OH corticosteroid level was 9.34 
g.%. Secretion rate of hydrocortisone calcu- 
lated to be 1.09 g. per day. 


P78. Mammary gland growth in mice. R. R. 
ANDERSON AND C. W. TurRNER, University of 
Missouri, Columbia. 

Use of DNA (desoxyribose nucleic acid) as 
an index of mammary gland growth has con- 
tributed greatly to the understanding of gland 
development. DNA levels increase during preg- 
nancy and lactation, with a maximum level 
occurring on the 14th day of lactation. Thirty- 
one per cent of growth occurs by Day 12 of 
pregnancy and 80% by parturition. Addi- 
tional 20% of growth takes place during early 
lactation. Recurring pregnancies from first 
to third account for 30% inerease in glands. 
A fourth pregnancy results in no further gain 
but reduction from third pregnancy. Experi- 
mental growth in ovariectomized mice cover- 
ing a 19-day injection period has been at- 
tempted. Estradiol benzoate (E.B.) and prog- 
esterone (P.) in levels of 1 pg. E.B. and 1 to 
5 mg. P. has indicated a ratio of 1 to 3,000 is 
optimal in both primed males and ovariecto- 
mized females. With 18-day pregnant animals 
serving as control level, growth in ovariecto- 
mized females with E.B. and P. attained only 
57% of goal. Addition of hydrocortisone in- 
creased level to 62%, of thyroxine to 65%, 
and of both to 67%. 


P79. Growth of mammary glands of suck- 
ling ovariectomized hooded Norway rats in- 
jected with ACTH and estrogen. G. J. Mac- 
DONALD AND R. P. Reece, New Jersey Agricul- 
tural Experiment Station, New Brunswick. 

A factorial experiment was used to show 
whether administered ACTH alone or in com- 
bination with estrogen stimulated mammary 
growth. Four groups, comprised of ten or 
more animals, were subjected to the following 
treatments: (1) ovariectomized controls; (2) 
1.0 1.U. of ACTH /day; (3) 1.0 ng. of estradiol 
dipropionate/two days; and (4) a combination 
of treatments (2) and (3). Litters from 
which females were obtained contained ten 
pups each and each treatment group repre- 
sented four litters. Randomly selected pups 
were ovariectomized on the eighth day of age 
and injections of the hormones began three 
days later. Sacrifice was on Day 21. Right 
abdominal mammary glands were removed, 
mounted, measured, and standardized to a 
unit of body surface area. Adrenal and thy- 
mus weight changes proved the activity of 
ACTH. Mammary areas of rats treated with 
ACTH were not satisfactorily different from 
those not treated with ACTH; however, the 
estrogen vs. no estrogen mammary area dif- 
ference was statistically significant (P < 0.01). 
No significant interaction was shown between 
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ACTH andestrogen. This indicated that 
ACTH was not effective as a mammary growth 
stimulus, either alone or in conjunction with 
estrogen, and that estrogen was an effective 
stimulant in suckling rats. 


P80. Isolation and preliminary characteriza- 
tion of a gastrin-like gastric secretory stimu- 
lant from pyloric mucosa of the bovine abo- 
masum. W. R. AnpersoN, T. L. FLETCHER, 
C. L. Pirts, R. L. Conen, ano H. N. Harkins, 
Department of Surgery, University of Wash- 
ington, Seattle. 

Previous work in this laboratory developed 
a new type of preparation of gastrin, the hor- 
mone-like gastric secretory stimulant, from 
porcine antral mucosa, with consistently high 
activity. It was of interest, therefore, to try 
to isolate a similar material from the abo- 
masum of a ruminant. It would be advanta- 
geous to compare such substances as to their 
biochemical and physical properties. 

We isolated gastrin from the antral mucosa 
of stomachs freshly obtained from the abattoir 
and held at 30-40° C. Protein-like material 
is extracted from the tissue with an alkaline 
medium. We have compared the biological 
activity of material prepared from porcine 
mucosa, at 40°C. in 0.03 N NaOH, to that 
isolated by picrie acid digestion at 70° C., and 
HCl digestion at 100° C. Bioassay by subeu- 
taneous or intravenous injection into Heiden- 
hain, Gregory, and Pavlov-pouch dogs has 
shown consistently higher secretory levels and 
free acid liberation from the alkaline digestion 
of the gastric mucosa. For this reason, the 
secretory stimulant was isolated from the bo- 
vine abomasum at 40° C. and pH 10.5. 

This paper describes preparation, chemical 
properties, comparative IR and UV spectra, 
isoelectric properties, and secretary stimulant 
data for histamine-free bovine and porcine 
gastrin. 


P81. Effects of parathyroid extract (PTE) 
on calcium, phosphorus, magnesium, and citric 
acid metabolism in dairy cattle. A. S. Topp, 
O. T. Foseate, R. G. CraGuz, AND T. H. Kamat, 
University of Tennessee—Atomic Energy Com- 
mission Agricultural Research Laboratory, 
Oak Ridge, and University of Georgia, Athens. 

Three parathyroidectomized lactating Jersey 
cows were used to study the effects of PTE 
on calcium, phosphorus, magnesium and citric 
acid metabolism. Treatments consisted of 0, 
2,200, and 4,400 U.S.P. units of PTE for three 
experimental periods using a 3 X 3 Latin- 
square change-over design. The plasma total 
calcium, but not the Calcium“ showed an in- 
crease (P < 0.01) with hormone treatment. 
Both total caleium and Caleium“ urinary ex- 
cretion increased, whereas no changes occurred 
in milk calcium with treatment. Total fecal 
excretion of Calcium” did not change. In milk 
and plasma, high concentration of Phosprorus™ 





but not of total phosphorus was associated 
with PTE administration. Both total phos- 
phorus and Phosphorus” in urine showed pro- 
nounced linear increases with PTE levels, due 
to concentration increases and diuresis. No 
changes in feeal excretion of Phosphorus” 
were detected. Plasma levels of magnesium 
were not affected by hormone administration, 
whereas an increase in milk concentration was 
noted. A concomitant decrease was observed 
in the urinary excretion of magnesium. With 
treatment, citric acid levels increased in 
plasma and urine, and remained constant in 
milk. 


P82. The influence of lactose and sucrose on 
calcium balances of mature dairy cows. S. M. 
Bapawi AnD T. H. Biosser, Washington State 
University, Pullman. 

The possibility of a beneficial effect of lae- 
tose and sucrose on calcium balances in dairy 
cows was investigated in studies on nonpreg- 
nant lactating cows and on pregnant dry cows. 

Two nonpregnant Jersey cows in the latter 
stage of their lactation were fed rations con- 
sisting of alfalfa hay, barley, and either su- 
crose or lactose as 20% of the ration. Follow- 
ing a ten-day preliminary period, quantitative 
measurements of feed intake and feeal and 
urine excretions were made for a seven-day 
period. Cow A showed a negative calcium 
balance of 180.5 g. on the sucrose ration and 
a positive balance of 179 g. on the lactose 
diet. However, Cow B exhibited a slight nega- 
tive balance of 5.0 g. on the sucrose diet, but 
a greater negative balance of 15.0 g. on the 
lactose ration. 

The feeding of these rations to three preg- 
nant Jersey cows prior to parturition re- 
sulted in positive calcium balances in all cases. 
(+19.23 g., +18.54 g., +47.61 g.). One of 
the two cows fed the lactose ration developed 
parturient paresis. The sucrose-fed cow was 
a borderline case. It appears that, at the 
levels fed, either sugar had consistently af- 
fected calcium utilization. 


P83. Portal blood studies in the bovine. D. E. 
Wa.perN, T. H. Brosser, O. L. Frost, anp 
J. A. Harscu, Washington State University, 
Pullman. 

A method was developed which permitted 
repeated sampling of the portal vein and other 
vessels in the bovine for periods of from 11 
to 40 days following surgery. A total of 17 
operations were conducted on ten different 
animals. The major surgical approach used 
was resection of the 13th rib, followed by iso- 
lation of the portal or post-cava vein and 
direct cannulation of the vessel employing a 
specially designed split-needle forceps. Plastic 
tabs cemented to catheters were used to main- 
tain patency of catheters. A section of stain- 
less piano wire, with a stainless steel bead at 
one end, was threaded through a catheter prior 
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to catheterization of a vessel to help prevent 
formation of fibrin clots. Hourly blood sam- 
ples (portal, post-eava, carotid, jugular de- 
pending on the vessels catheterized) and rumen 
samples from a fistulated animal, were col- 
lected for 12 hr. from animals fed on an all- 
alfalfa hay or silage diet. V.F.A., lactic aeid, 
ketones, and glucose were determined on all 
blood samples. Changes in blood V.F.A., glu- 
cose, and ketone levels in relation to diet and 
time, and in relation to rumen V.F.A. will be 
discussed. 


P84. The distribution of thiocynate between 
cerebrospinal fluid and blood in control and 
vitamin A-deficient calves. M. OKAmMorTo, 
J. Brrman, AND T. R. Wrenn, Dairy Cattle 
Research Branch, ARS, USDA, Beltsville, 
Maryland. 

Investigations have been conducted to study 
the mechanism whereby the cerebrospinal fluid 
(CSF) pressure is increased in vitamin A de- 
ficiency in calves. After a 90-day depletion 
period on low carotene intake, eight Holstein 
bull calves were divided into a control and 
deficient group receiving 45 and 15 yg. caro- 
tene/lb body weight/day, respectively. To de- 
termine the influx of thiocyanate ion (SCN) 
into the CSF, a solution of NaSCN at the rate 
of 10 g/100 lb. body weight was injected into 
the jugular vein. The mean CSF pressures in 
the normal group during the experiment were 
99 mm., whereas the deficient animals exhib- 
ited mean pressures of 161 mm. (P < .05). 
The SCN concentrations were determined in 
CSF and blood samples taken hourly during 
the first 8 hr. and at 24, 48, 72, and 96 hr. post- 
injection. Measurements of the rate of en- 
trance of SCN into CSF indicated a greater 
mean penetration in the deficient animals. 
Sinee SCN enters the CSF from the blood pri- 
marily in the CSF as it is formed by the seere- 
tory cells of the choroid plexus, this result 
would indicate either a greater formation or 
lesser reabsorption of the fluid in the deficient 
animals. 


P85. Thyroxine and secretion of I in milk 
in cattle. B. N. PremacHANDRA AND C. W. 
TurNER, University of Missouri, Columbia. 
Increasing evidence is becoming available in 
certain species to indicate that mammary 
gland actively concentrates iodine and secretes 
into milk. Twenty-four hourly I secretions 
in milk were studied in a group of control 
cows and in cows getting thyroxine 50% above 
their estimated daily winter thyroxine seere- 
tion rate in lactation experiments. Milk sam- 
ples were analyzed by diluting 100 ml. milk 
to 3.5 liters in aluminum beakers and gamma- 
counting was done using 4-in. by 4-in. Nal 
erystal and a 100-channel pulse height ana- 
lyzer. Over a period of five days the greatest 
I™ activity in milk was noted 24 hr. after 
intravenous I™ administration in both control 
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and experimental animals. At the fifth day, 
less than 2-5% of the injected dose was pres- 
ent in the milk in control cows. In experi- 
mental animals there was more than a twofold 
reduction in the amount of I being secreted 
into millk at 24 hr. and less than 1% of ad- 
ministered radioactivity could be detected at 
five days. Coneurrent thyroidal-[™ determina- 
tions revealed virtually no uptake of I, indi- 
cating the absence of thyrotropic hormone 
secretion. Apparently, in thyroid-blocked ani- 
mals kidney appears to dominate over the 
mammary gland in the excretion of I. 


P86. The effects of breed, stage of lactation, 
and season of year on thyroid secretion rate 
in dairy cows as determined by the chemical 
thyroxine turnover method. J. P. MIxNner, 
New Jersey Agricultural Experiment Station, 
Sussex. 

Starting May, 1958, through April, 1959, 
one fresh dairy cow per month, alternating 
Guernsey and Holstein, was started on thyroid 
secretion rate trials. A secretion rate deter- 
mination was made on each animal at 7-14 
days, and 3, 6, and 9 mo. of lactation, using 
the chemical thyroxine turnover method 
(J. Animal Sei., 18: 1566. 1959; and 19: 1333. 
1960), for a total of 48 determinations. The 
mean thyroxine secretion rates for the Hol- 
steins and Guernseys, respectively, were 0.127 
and 0.156 mg. per day per 100 lb. body weight, 
the difference being statistically significant 
(P < 0.01). The mean thyroxine secretion 
rates at 7-14 days, 3, 6, and 9 mo. of lactation, 
respectively, were 0.155, 0.142, 0.138, and 0.132 
mg. per day per 100 lb. body weight, there 
being statistically significant differences (P < 
0.05). In contrast to thyroxine secretion rates, 
the levels of plasma protein-bound iodine as 
a measure of blood thyroxine level were low- 
est at 7-14 days of lactation (2.72 we. %) and 
highest at 6 mo. of lactation (3.58 pg. %), 
(P < 0.01). Thyroid secretion rates were high- 
est in the spring and lowest in the fall (P < 
0.0L). 


P87. Reproductive function in male goats in 
various thyroid states. J. A. WILLIAMS AND 
E. P. Retneke, Michigan State University, 
East Lansing. 

Thyroid activity of young goats was altered 
experimentally and observations were made 
on libido and spermatozoal production. Com- 
pleteness of thyroidectomy was determined 
with I. Semen was collected monthly or bi- 
monthly by electroejaculation. Experimental 
groups were as follows: (1) intact controls, 
(2) partially thyroidectomized at 2 wk. to 1 
mo. of age, (3) thyroidectomized at 5 to 6 
mo. of age, (4) thyroidectomized early but 
given Protamone daily at .04 g. per 10 lb. body 
weight, (5) thyroideetomized early, allowed 
to show marked eretinism, then given Prota- 
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mone, (6) thyroidectomized early and allowed 
to remain cretinoid. 

Total motile sperm in billions per ejaculate 
for the various experimental groups were as 
follows: (1) 1.71 + .26, (2) 2.15 + .33, (3) 
140 + .29, (4) 2.39 + .84, (5) 89 + .21 
(P > .01), and (6) .59 + 12 (P > .01). Group 
1 goats produced a significantly (P > .05) 
lower per cent of abnormal spermatozoa (16%) 
than Groups 3 (23.9%), 5 (22.5%), and 6 
(22.6%). Libido as measured by mounting ac- 
tivity of goats placed in a pen with an estrous 
doe was absent in Groups 5 and 6. Libido was 
normal in Groups 1 and 2, but variable in 
Groups 3 and 4. 


P88. The control of estrus and ovulation in 
heifers by orally administered 6-a-methyl-17- 
a-acetoxyprogesterone. R. G. ZiImMBELMAN, The 
Upjohn Company, Kalamazoo, Michigan. 

A soybean meal premix containing 6-a- 
methyl-17-a-acetoxyprogesterone (MAP) was 
incorporated into a ration and was fed twice 
daily to 16 dairy heifers for 20 days. The 
daily dose of MAP was 0.5 mg. per pound 
body weight. The eight heifers in Group 2 
were fed individually and the eight heifers in 
Group 3 were group-fed. Group 1 was eight 
untreated heifers. Ovarian changes were de- 
termined every two to three days during the 
treatment period by rectal palpation and the 
heifers were checked twice daily for standing 
estrus. Neither estrus nor ovulation occurred 
during treatment. Of the 16 treated heifers, 
12 (75%) were in heat between 48 and 84 hr. 
after last feeding; two heifers were not ob- 
served in heat, but one of these conceived as 
a result of insemination at 96 hr. after the 
end of treatment. The conception rate at first 
service was: Group 1, 6/8 (75%); Group 2, 
2/8 (25%); Group 3, 6/8 (75%). Of the two 
treated groups, 13/16 heifers (81%) conceived 
with one or two services. Studies to determine 
the minimal and optimal doses for maximum 
control of reproduction are in progress. 


P89. Synchronization of estrus in heifers 
with 6-a-methyl-17-a-acetoxyprogesterone and 
its effect on subsequent ovulation and fertility. 
W. E. Coiuins, L. W. Smitu, E. R. Hauser, 
AND L. E. Casipa, University of Wisconsin, 
Madison. 

6-a-Methyl-17-a-acetoxyprogesterone was fed 
in a grain ration at the rate of 0.5 mg. per 
pound body weight daily for 20 days. 

Thirty-six dairy heifers were fed the prog- 
estogen twice daily beginning on Day 3, 7, 11, 
15, or 19 of the estrous cyele. Estrus and ovu- 
lation were prevented in all but one animal 
during treatment. The interval from the end 
of treatment to estrus was 2.0-5.0 days 
(mode—2.5) for 35 of the 36 heifers. (One 
animal ovulated without estrus four days after 
the end of treatment.) Thirty heifers were 
artificially inseminated. Fertilized ova were 
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recovered from four of eight at autopsy three 
days after insemination. Thirteen of the re- 
maining 22 were pregnant 34 days after in- 
semination, as diagnosed by rectal palpation. 
No stage difference was observed in either 
interval to estrus or fertility. 

Fifteen beef heifers were fed the progesto- 
gen once daily beginning on Day 3, 11, or 18. 
Kstrus and ovulation were prevented during 
treatment in all animals. Fourteen were in 
estrus within two to eight days (mode—2) 
after the end of treatment. The other heifer 
ovulated without estrus between nine and 23 
days post-treatment. No stage difference was 
observed in the interval to estrus. 


P90. Effect of ovarian hormones and uterine 
infection on capillary permeation in the rabbit 
endometrium. H. W. Hawk, G. D. TURNER, 
inp T. H. Brinsrietp, Animal Husbandry Re- 
search Division, Dairy Cattle Research Branch, 
ARS, USDA, Beltsville, Maryland. 

Rabbits were injected intravenously with 
2.5 ml/Kg of 2% trypan blue and killed 1 hr. 
later. Endometria were compared visually and 
microscopically for degrees of dye accumula- 
tion and graded on a seale from 0 to 9. The 
mean grade for 14 estrous or ovariectomized 
estradiol-treated rabbits was 7.1, for 16 pseu- 
dopregnant or ovariectomized progesterone- 
treated rabbits, 2.5, and for 12 ovariectomized 
rabbits, 1.8. Each mean differed (P < 0.01) 
from each other mean, suggesting that capil- 
lary permeation was increased greatly by 
estrogen and slightly by progestin. 

By 1 to 4 hr. after uterine inoculation with 
Escherichia coli, the amount of dye taken up 
in 1 hr. had increased in both pseudopregnant 
and ovariectomized rabbits. The increase was 
less (P < 0.01) in pseudopregnant than in 
ovariectomized rabbits (mean grades of 3.1 
for pseudopregnant and 4.1 for ovariectomized 
rabbits after inoculation; 2.6 and 1.9, respee- 
tively, for uninoculated controls). Progestin 
apparently inhibited the ability of endometrial 
capillaries or stroma to change in response to 
infection. This effect of progestin may be 
associated with its known effect of retarding 
the leukocytic response to induced uterine 
infection. 


P91. Interrelationships among some factors 
affecting post-natal development of dairy 
calves. Epwarp J. Stone, B. R. Fartuine, 
inp C. Branton, Louisiana State University, 
Baton Rouge. 

Observations of growth and development 
and feed intake on a constant feeding regime 
were made on 119 Holstein and 79 Jersey fe- 
male calves from birth through 12 wk. of age 
over a period of 4 yr. Mean birth weights for 
the Holsteins and Jerseys were 74.9 and 48.4 
lb., respectively. Average daily gain for the 
12-wk: period was 0.93 and 0.82 lb. per day. 
Average ENE input for this experimental pe- 
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riod was 174.31 therms for the Holsteins and 
147.75 therms for the Jerseys. Statistical 
analyses indicate a genetic difference attribu- 
table to sires in years for birth weights and 
body weight gains adjusted for differences in 
birth weights for both breeds. Results indi- 
eate gains in body weight are affected simul- 
taneously by birth weight and ENE input for 
both breeds. When body weight gains were 
adjusted for both birth weight and ENE input, 
there were no differences in gains within 
breeds. Multiple regression technique was 
used to relate birth weight of calves to lacta- 
tion number, body weight of the dam, and 
gestation period. Comparisons with USDA 
and Ragsdale’s standards show no significant 
differences between the slopes of the curves 
for the Louisiana animal and those for the 
standards. 


P92. Some factors affecting milk fat and 
protein levels in milk from dairy herds in 
Central Texas. M. A. Brown, C. VANDERZANT, 
B. A. Parker, AND I. W. Rupe, A & M College 
of Texas, College Station. 

Analyses of milk fat and protein were made 
on bi-weekly samples of milk collected through- 
out 1 yr. from 18 farm bulk tanks. The effects 
of location and size of farm, soil types, breeds 
in herd, milking practices, breeding practices, 
average length of dry period, and atmospheric 
temperature on total milk, fat, and protein 
were studied. 

Highly significant differences in total milk, 
fat, and protein production among herds and 
testing periods were noted. Variations in fat 
and protein levels during the year were found 
to have a highly significant positive correla- 
tion (r= 92). No significant influence on 
total milk, fat, or protein was noted for loea- 
tion and size of farm, soil types, breeds in 
herd, milking practices, breeding practices, or 
average length of dry period. 

Total milk, fat, and protein production was 
lowest in July and August when the average 
monthly temperature was the highest. Total 
milk and fat production was highest in Janu- 
ary and December, respectively, whereas pro- 
tein levels in milk were highest in March. 
There was an inverse highly significant rela- 
tionship between atmospheric temperature and 
variations in total milk and fat. 


P93. Some findings of a survey of 50 Vir- 
ginia dairy herds relative to milk solids-not- 
fat. A. C. Houuipay, Virginia Department of 
Agriculture, and N. R. THompson, Virginia 
Polytechnic Institute, Blacksburg. 

Twelve consecutive monthly herd milk sam- 
ples were taken from each herd. Totai solids 
determinations were made, using a gravimetric 
method and the Watson lactometer (J. Dairy 
Sei., 40: 394, 1957.) method. Babeock milk 
fat determinations were made. Information 
regarding production rates, kind, quality, and 
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rates of feeding and numbers of animals by 
breeds was recorded. Herds were picked at 
random from a D.H.I.A. listing. Three geo- 
graphical areas of the state are represented. 

Of the 568 milk fat determinations 107 were 
below 3.50%. Of 568 S.N.F. (gravimetric) de- 
terminations, 130 were below 8.50%. The 
range of the averages of these determinations 
varied from a low of 3.50% in September to 
a high of 4.00% in December for milk fat 
and from a low of 8.43% in March to a high 
of 8.82% in November for S.N.F. The milk 
sampled was produced by 2,449 cows. This 
group was composed of 66.0% Holsteins, 26.1% 
Guernseys, 4.4% Jerseys, and 3.5% other 
breeds. Correlation between percentages of 
fat (Babeock) and S.N.F. (gravimetric) was 
+0.70, between percentages of fat (Babcock) 
and S.N.F. (lactometer) was +0.85, and be- 
tween percentages of S.N.F. (gravimetric) 
and 8.N.F. (lactometer) was 0.62. 


P94. Effect of month of calving in herds at 
three levels of production. B. BERESKIN AND 
A. E. Freeman, Iowa State University, Ames. 

Centrally processed records of Iowa D.H.I.A. 
Holstein cows were used to investigate the 
influence of month of calving upon subsequent 
lactation yields. The data involved 2 yr. and 
649 herds. All records were converted to an 
M.E., 2 Xx, 305-day basis and lactations of 
90 days or more were used. 

The herds were separated into high, middle, 
and low levels according to their milk produe- 
tion. The resulting averages were 14,177, 
12,435, and 10,664 lb. for milk; and 513, 450, 
and 385 lb. for milk fat. Each level of pro- 
duction contained about 8,100 records. The 
highest production was by cows calving be- 
tween November and February; the lowest 
was for cows calving from June through Sep- 
tember. The effect of month of calving was 
slightly different in the three levels of pro- 
duction. In the high-level herds 5.6% more 
of the cows calved in the winter months, 
whereas 2.1% more cows calved in the summer 
months in the low-level herds. Components of 
variance attributable to herds, months, and 
their interaction were computed for each pro- 
duction level. 


P95. Some hereditary and environmental fac- 
tors associated with congenital abnormalities 
in cattle. M. S. Herscuver, N. S. FecHHEIMER, 
AND L. O. GitMore, The Ohio State University, 
Columbus. 

Approximately 5,000 calves of the Holstein, 
Guernsey, and Jersey breeds were divided into 
normal and abnormal animals. Abnormality 
was defined as any anatomical defect observed 
by the cooperating dairymen. The abnormal- 
ities reported were divided into five major 
groups: general abnormalities, abnormalities 
of ectodermal, mesodermal, and neurectoder- 
mal derivatives, and calves born dead with 
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no other observable defect. Environmental 
and genetic factors were tested for an associa- 
tion, with the number of abnormal animals 
reported and the type of abnormality reported, 
by the Chi-square test of independence; 6.26% 
of the calves born were abnormal. A signifi- 
cant association of year of birth or conception, 
and of sire, with the number of abnormal ani- 
mals reported was demonstrated. A highly 
significant association of twins and abnormal 
gestation length with the number of abnormal 
animals was shown. Twins were highly sig- 
nificantly associated with type of abnormality 
reported, as was breed. No significant asso- 
ciation was found between sex, number of 
services required for conception, breed, level 
of herd production or inbreeding, and the 
number of abnormal animals reported. No 
significant association could be shown between 
year of birth, or conception, number of serv- 
ices required for conception, or sex and type 
of abnormality reported. 


P96. Body measurements and their use in 
predicting milk production. A. E. FREEMAN 
AND K. L. Roacue, Iowa State University, 
Ames. 

The data investigated were collected from 
1932 to 1958 in the Iowa State University 
Holstein herd. The measurements were wither 
height, chest depth, paunch girth, heart girth, 
and a ratio of the latter two. The number 
of daughter-dam pairs varied from 450 at 
6 mo. to 115 when both were 5 yr. of age. 
Mature equivalent, 2 x, 305-day milk produc- 
tion was used and all analyses were within 
sires. 

Pregnancy had little effect upon body meas- 
urements, except upon paunch girth after the 
sixth month of gestation. Phenotypie and 
genetic correlations among most of the meas- 
urements were of the order of 0.5 or larger. 
Heritabilities (from the daughter-dam regres- 
sion) at 2 yr. of age were: wither height 0.84, 
chest depth 0.74, heart girth 0.54, paunch 
girth 0.44, and milk production 0.26. The 
limited value of these body measurements for 
predicting milk production is evidenced by 
the multiple correlations of 2-vr. milk produe- 
tion with various combinations of independent 
variables, as follows: with measurements at 
1 yr. 0.11; with dam’s first lactation produc- 
tion 0.12; with measurement at 1 yr. plus 
dam’s first production 0.14; with measure- 
ments at 2 yr. 0.21; and with measurements 
at 2 yr. plus dam’s first production 0.24. 


P97. Relation of days open and days dry to 
lactation production. J. W. Smirn anp J. E. 
Lecates, North Carolina State College, Ra- 
leigh. 

Lactation records (4,384) from nine North 
Carolina Institutional Holstein herds were 
studied to assess possible effects of high pro- 
duetion during the first 90 days on the number 
of days the cow was open during the 305-day 


lactation. The relationship was studied sep- 
arately for first, second, or later and all ree- 
ords. In each of the classifications, 90-day 
production accounted for less than 0.6% of 
the variance in days open; suggesting that 
level of production has little influence on this 
measure of fertility. 

The number of days open and number of 
days dry were studied to determine the ad- 
visability of accounting for variance resulting 
from their influence on 305-day milk produe- 
tion in compiling sire proofs. The number of 
days open during the lactation significantly 
influenced production and accounted for 7, 4, 
and 4% of the variance in 305-day milk yield 
for first, second, or later and all records, re- 
spectively. However, the number of days dry 
preceding the lactation had very little influ- 
ence on either days open or 305-day produe- 
tion. The genetic correlations between days 
dry, days open, and 305-day production were 
low and nonsignificant. Hence, correction of 
records for days open should not disturb the 
genetic variation in lactation production. 


P98. Genetics of syndactylism in cattle. 
KeitH Huston, F. E. Evpripge, ann J. W. 
MupcGeE, Kansas State University, Manhattan. 

Results from a five-generation test of alle- 
lism, involving seven syndactylous Holstein- 
Friesian cattle—six females and one male— 
and their more than 25 inbred and outbred de- 
seendants, support the original hypothesis 
based on pedigree studies that syndactylism 
is a hereditary character controlled by an 
autosomal recessive gene. The recessive homo- 
zygous genotype has incomplete penetrance 
and variable expression and is subvital. Ple- 
iotropic effects of varied nature exist. 

The gene has been found in two distinet 
lines, related only in small degree. Although 
the gene was originally detected in Kansas 
and Missouri, it now has been detected in 
many other states. 


P99. Combinations of internal hydrocephalus, 
congenital edema, and extra ear lobes in Ayr- 
shire cattle. W. H. CLonrincer, J. R. Nicos, 
AND J. F. Hoxanson, The Pennsylvania State 
University, University Park. 

Congenital internal hydrocephalus alone, in 
combinations with varying degrees of general- 
ized edema, and in combination with edema 
plus extra ear lobes was observed in calves 
which resulted from 33 paternal half-brother 
x half-sister and five sire <X daughter mat- 
ings in purebred Ayrshire cattle. The matings 
resulted in 24 normal and 14 abnormal calves. 
Post-mortem examinations made on 13 of the 
14 abnormal calves revealed varying degrees 
of congenital internal hydrocephalus. Gen- 
eralized edema was found with hydrocephalus 
in seyen of the obnormal calves. Four hydro- 
cephalic calves had edema plus an extra lobe 
in the dorsal surface of the ears. This is our 
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first knowledge of the three conditions to 
oeeur together in the same animal. One female 
ealf with hydrocephalus, congenital edema, 
and an extra lobe on each ear died at 16 mo. 
Another is still alive at 17 mo. Internal hy- 
drocephalus and congenital edema have been 
reported to be transmitted by an autosomal 
recessive gene. Congenital edema did not differ 
significantly from this. The number of hydro- 
cephalic calves, however, was greater than 
would be expected (24 normal: 13 hydro- 
cephalus). 


P1i00. Enzyme supplements in calf starters. 
J. W. Rust, N. L. Jacopson, A. D. McGru.iarp, 
ano C. F. Foreman, Iowa State University, 
Ames, 

Ninety-six calves were employed in three 
experiments to evaluate the effeet of addition 
of enzyme econeentrates (supplied by Miles 
Chemical Co.) to dry starters. Average pounds 
of whole milk fed per ealf and period of 
feeding (in weeks) in Experiments I, II, and 
III, respectively, were: 388, 7; 192, 4; 182, 4. 
Starter, the only dry feed to 12 wk., was fed 
free choice. In Experiment I, calves fed a 
mixture of proteases, amylases, and amylo- 
glucosidase gained 1.49 lb. daily to 12 wk., as 
compared to 1.36 lb. for controls. Autoclaving 
the starter before adding enzymes did not 
affect response. Results in Experiments IT 
and III indicated that a growth response 
could be obtained when only the bacterial pro- 
tease concentrate was fed; 40-50 mg/Ilb starter 
gave best results, 100 mg. depressed growth. 
Bacterial amylase concentrate had no apparent 
effect and amylglucosidase depressed growth. 
Inereased rate of gain was accompanied by 
slightly increased starter consumption and 
less feed per pound of gain. In Experiment 
II, hay was fed subsequent to 12 wk.; average 
daily weight gains from 12 to 24 wk. were 
1.87 lb. for ealves fed bacterial protease con- 
centrate (50 mg/lb) and 1.71 lb. for controls. 


P101. Studies to define the secretory site of 
pregastric esterase in calves. J. H. NELSon, 
Dairvland Food Laboratories, Ine., Waukesha, 
Wisconsin; W. B. House aNnp VERE ENGLISH, 
Midwest Research Institute, Kansas City, Mo.; 
and T. Y. Lov, Kansas University Medical 
Center, Kansas City, Kansas. 

The secretory site of calf pregastric esterase 
(PGE) was defined by dissection, extraction, 
and assay of oral tissue and by histochemical 
techniques on tissue sections prepared from 
various oral locations. 

Oral tissue was excised from ealf heads ob- 
tained from an abattoir. The tissue compris- 
ing five different areas—hard palate, soft pal- 
ate, posterior tongue, upper glossi-epiglottie 
space, and lower glossi-epiglottic space—was 
dissected, extracted, and assayed. The results 
showed that PGE was present in every loca- 
tion but the hard palate. The most PGE was 
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found in the posterior tongue, followed by 
the upper glossi-epiglottie space, the lower 
glossi-epiglottic space, and the soft palate, in 
that order. 

Histochemical techniques showed that the 
PGE is apparently secreted by certain of the 
mueus-secreting cells and by cells in the gland 
duct epithelium. 


P102. The treatment of calf scours with pre- 
gastric esterase (PGE) preparations. J. H. 
Ne.tson, Dairyland Food Laboratories, Ince., 
Waukesha, Wisconsin; W. B. House AND VERE 
ENGLISH, Midwest Research Institute, Kansas 
City, Missouri. 

Preparations of pregastric esterase (PGE) 
alone and in combination with low levels of 
oxytetraeyeline were compared with an inert 
placebo for the treatment of nonspecific calf 
seours. 

A total of 130 calves was observed in this 
study; 93 were milk fed calves; 42  scour- 
ing ealves received 1.6 oz. of PGE oxytetra- 
eyeline per day; 97% were cured in an average 
of 2.2 days; 15 scouring calves received 2.9 
oz. of PGE alone per day; 86% were cured in 
3.7 days; 12 other scouring calves were given 
a lower dosage of PGE alone—1.6 oz. per day, 
and 58% of these animals were cured in 3.2 
days. A control group of 24 scouring calves 
were given placebos; 29% recovered from 
seours and another 29% died within a seven- 
day period. 

When scours were contracted by calves fed 
milk replacers, the response to PGE treatment 
was erratic. About 66% of the cases were 
cured on an average daily dose of 1.6 oz. The 
time required for cure averaged 5.3 days. 
There were nine cases of scours in calves on 
milk replacers which did not respond to PGE 
treatment. 


P103. Effect of spiramycin on the growth of 
young dairy calves. C. A. Lassirer, L. D. 
Brown, AND R. O. THomas, Michigan State 
University, East Lansing. 

Forty-eight Holstein and Guernsey calves two 
days old were divided into six comparable 
groups on the basis of breed and body weight 
and raised to 86 days of age on a limited-milk- 
starter system. The treatments by groups 
were as follows: Group 1, Control; Group 2, 
50 mg. aureomyein/day in milk and 15 mg/Ilb 
starter; Group 3, 25 mg. spiramyein/day in 
milk and 7.5 mg/lb starter; Group 4, 50 mg. 
spiramyein/day in milk and 15 mg/\b starter; 
Group 5, 100 mg. spiramyein/day in milk and 
30 mg/lb starter; and Group 6, 25 mg. spira- 
myein + 25 mg. aureomyein/day in milk and 
7.5 mg. of each antibiotie/lb starter. The 
average daily gains by groups were 1.08, 1.19, 
1.26, 1.08, 1.10, and 1.23 lb/day, respectively. 
In the same order, the average increase in 
height at withers and heart girth cireumfer- 
ence were 4.1, 9.5; 4.6, 8.4; 5.2, 9.7; 4.5, 8.5; 
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1.8, 8.9; and 4.8, 10.2 in., respectively. None 
of these differences was statistically significant 
among groups. 


P104. The response of young dairy calves to 
diets containing sesame and peanut oils. DAYAL 
Dass SuHrIvASTAVA AND K. A. Kenpaui, Uni- 
versity of Illinois, Urbana. 

Thirty-two male dairy calves consisting 
mainly of Holstein, Brown Swiss, and Guern- 
seys were fed in groups of eight each the fol- 
lowing diets: I, whole milk, starter, and hay; 
II, dried skimmilk, 15 or 20% sesame oil, 2% 
lecithin, vitamins A and D, and Aurofae; ITI, 
dried skimmilk, 15 or 20% peanut oil, 2% 
lecithin, vitamins A and D, and Aurofae; and 
IV, dried skimmilk, vitamins A and D, and 
Aurofae. All calves were fed a starter ad lib. 
and had free access to alfalfa hay. The dry 
diet was reconstituted with water at the rate 
of 1 to 9 lb. of water. 

The average total milk consumption, gains 
in weight, and height at withers, respectively, 
per calf by diets after 42 days were: I, 444 lb., 
47.5 |b., and 6.62 em.; IT, 521 |b., 37.3 lb., and 
5.0 em.; IIT, 479 lb., 33.3 lb., and 4.1 em.; 
and IV, 507 lb., 39.1 lb., and 3.75 em. 

Serum lipid levels appeared to increase after 
Diets II and III were fed. The incidence of 
scours was not increased by feeding vegetable 
oils. A general roughness of hair coat was 
observed in calves receiving the nonfat diet. 


P105. Incorporating coarse ground hay into 
the starter ration of early-weaned calves. C. H. 
Nouuer, D. L. Hivi, F. A. Martz, anp B. W. 
CrowL, Purdue University, West Lafayette, 
Indiana. 

Seventy-eight Holstein calves eight days old 
were divided into 11 treatment groups: I, 
starter, hay free choice, IT, 15% hay-starter, 
III, 15% hay-starter, IV, 15-30% hay-starter, 
V, 15-45% hay-starter, VI, 30% hay-starter, 
VII, 30% hay-starter, VIII, 30% hay-starter, 
IX, 45% hay-starter, X, 20-45% hay-starter, 
and XI, 20-45% hay-starter. All calves were 
weaned at 21 days of age. Average daily 
weight gains (eight-70 days) were 1.34, 1.35, 
1.38, 1.21, 1.22, 1.22, 1.36, 1.35, 1.18, 1.19, and 
1.10 lb., respectively. The health and well- 
being of the calves in all groups were highly 
satisfactory, with the exception of one ealf 
each in Groups I and XI. The calf in Group I 
consumed only 2.5 lb. hay and the calf in 
Group XI only 75 lb. starter. Calves allowed 
hay free choice consumed about 15% of the 
ration dry matter as hay. Incorporating coarse 
ground hay into the starter is a means of 
forcing young calves to eat more hay. This 
appears to be an important factor in initiating 
and stimulating rumen development. 

P106. The influence of stilbestrol with a high 


roughage ration in raising replacement dairy 
heifers. Myron G. A. RuMeERY AND GERALD 
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M. Warp, Colorado State University, Fort 
Collins. 

Twenty-six Holstein heifers averaging 686 
lb. were divided in two groups, by pairs, ac- 
cording to weight. The control group received 
a basic ration of 20 lb. of alfalfa hay plus 1 |b. 
of pellets, made from a mixture of equal parts 
of ground corn and oats per head daily. 
Heifers in the other group received the same 
ration plus enough diethylstilbestrol premix 
included in the same pellet mixture to provide 
10 mg. per head per day. Irrigated and native 
grass pastures were used instead of alfalfa 
hay during the growing season. The total 
time covered by these two phases of the ex- 
periment included 351 days. Average daily 
gains during the growing, breeding, and ges- 
tation periods were .90 and .96 lb. per head 
daily, respectively. This difference is not sig- 
nificant (P > .05). Heifers in the stilbestrol- 
fed group required 12 see. longer to milk 5 
lb. of milk than those in the control group. 
This figure is significant (P > .01). Two bar- 
ren heifers appeared in the stilbestrol-fed 
group. Daily milk production for others in 
this group averaged approximately 2 Ib. less 
than those in the control group. These dif- 
ferences are not statistically significant. 


Pi07. Hand versus machine milking. N. W. 
Hooven, Jr., anD R. D. Plowman, Dairy Cat- 
tle Research Branch, Animal Husbandry Re- 
search Division, ARS, USDA, Beltsville, Mary- 
land. 


This investigation was conducted to deter- 
mine the effects of hand versus machine milk- 
ing on production, persistency, udder health, 
and teat structure. Forty first-lactation ani- 
mals were paired on each milking system. In 
the second lactation both groups were machine- 
milked. 

The average milk production was 12,506 
and 11,521 lb. for the hand and machine 
groups, respectively. This difference was not 
significant. There was a significant increase 
in actual yield between lactations for the ma- 
chine group, but not for the hand group. Re- 
peatability of production was 0.23 and 0.54 
for the hand and machine groups, respectively. 

The first-lactation hand group was signifi- 
cantly more persistent (0.84 versus 0.79) than 
the machine group. This difference disap- 
peared in the second lactation. Repeatability 
of persistency was 0.0 and 0.11 for the hand 
and machine groups, respectively. The sig- 
nificant increase in yield between the first- and 
second-lactation machine group suggests either 
more yield from hand milking or there was a 
depressing effect on yield when cows were 
changed to machine milking. 

There were no significant differences in in- 
cidence of mastitis among the groups for either 
lactation. Teat structure was affected simi- 
larly by each method of milking. 
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P108. Lactational response of dairy cows in- 
jected or implanted with growth hormone. 
D. D. Buuits, B. Harris, Jr., AnD L. J. Busu, 
Oklahoma State University, Stillwater. 

Two experiments were conducted to deter- 
mine the effect of administering supplementary 
growth hormone (GH) on lactation in dairy 
eows. Twelve Holstein cows were used to 
evaluate the effect of three levels of GH im- 
plants, and 15 cows were used to compare the 
effects of injecting a commercial grade of the 
hormone with a highly purified (N.I.H.) prep- 
aration. 

Each of the 12 implanted cows received each 
of three levels of GH in a sequence determined 
by a Latin-square design. The average daily 
milk production was 41.5, 40.4, and 42.5 lb. 
for the groups receiving 0, 300, and 600 Ar- 
mour units of GH, respectively. Differences 
among treatment groups were not significant 
(P > .10). Likewise, there were no appre- 
ciable differences among groups with respect 
to percentage of fat or total solids, weight 
changes, blood glucose level, total leucocytes, 
or ineidence of mastitis. 

The cows injected with 50 mg. of the GH 
preparations per day produced more milk than 
the control animals during a ten-day injection 
period and for a few days thereafter. There 
was a slightly greater response in milk pro- 
duction attributable to the injection of the 
commercial grade of GH than to the N.LH. 
material. 


P109. Incidence of antibiotics in milk fol- 
lowing intramuscular treatment. G. R. Kraw- 
cezyK AND H. H. Otson, Southern Illinois Uni- 
versity, Carbondale. 

To determine the duration of antibiotic resi- 
dues following intramuscular injections, one 
group of eight healthy cows producing under 
20 lb. of milk per day, and a second group of 
eight healthy cows producing over 40 lb., were 
treated as follows: Four cows from each group 
received intramuscular injections of 3,000,000 
units of procaine crystalline penicillin in aque- 
ous suspension and the other cows were given 
6,000,000 units. Milk samples were taken at 
each subsequent milking and analyzed by the 
rapid dise method until the milk from the 
treated cows exhibited a negative reaction. 

The response to treatments was variable in 
the low producers and more uniform among 
the high producers. The maximum time resi- 
dues appeared in milk of cows treated with 
3,000,000 units was 48 hr. with low producers 
and 24 hr. with high producers; on 6,000,000 
units, 108 hr. with low producers and 36 hr. 
with high producers. 

A similar study using 5.0 and 10.0 ¢. of 
streptomycin sulfate in aqueous suspension 
was conducted on these animals. Milk from 
two high-producing animals receiving 10.0 g. 
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of streptomycin was positive 12 hr. after treat- 
ment. All other samples were negative. 


P110. Synthesis of 8-lactoglobulin in bovine 
mammary cell cultures. B. L. Larson anp 
JupitH TwaroG, University of Illinois, Urbana. 

Cell cultures derived from bovine mammary 
tissue by dispersion with collagenase lose the 
ability to synthesize lactose between 24 and 
48 hr. after placing in eulture. The activity 
of UDPGal-4-epimerase, an enzyme in the pro- 
posed pathway of lactose synthesis, disappears 
from the eultures between seven and ten days. 
The development of an immunological pro- 
cedure to evaluate §-lactoglobulin in micro- 
gram quantities has made it possible to estab- 
lish that the cell cultures are still synthesizing 
8-lactoglobulin actively after 2 wk. in culture. 
The use of the fluorescent antibody technique 
has indicated that it is only certain cells in 
the cultures that are synthesizing the -lacto- 
globulin. These cells comprise the epithelial- 
like sheets that become evident in the flask 
after several days in culture. The nonparallel 
loss by the cultures in UDPGal-4-epimerase 
activity, and in their ability to synthesize lae- 
tose and f-lactoglobulin, supports the differ- 
entiation theory of cellular changes in in vitro 
culture. Studies on some factors that influence 
the synthesis of S-laectoglobulin in this con- 
trolled system will be reported. 


P11l. The effect of prepartum intramammary 
infusions on milk production. H. Srrvss, 
W. E. Perersen, AND B. CAMPBELL, University 
of Minnesota, St. Paul. 

In this experiment, three different antigens 
were infused an average of five times into 
prepartum purebred Guernsey cows. Twenty 
milliliters of a polyvalent enteritie vaccine 
were infused into 25 cows. The 305-day M.E. 
records showed a decrease of 1,289 lb. milk 
and 91 lb. fat, 14.1 and 20.4%, respectively. 
Nine cows had lactation records prior to in- 
fusion and for two lactations following in- 
fusion. Production was 9,384, 7,873, and 8,739 
lb. milk and 457, 365, and 397 lb. fat, respee- 
tively, for the three lactations. 

Twenty milliliters of Salmonella pullorum 
antigen were infused into five cows. Milk 
production decreased significantly from 9,698 
to 7,377, or 23%, but returned to 9,401 lb. Fat 
production decreased significantly from 459 
to 315, or 29%, but returned to 403 lb. In 
the second lactation following infusion, only 
the decrease in fat was significant. 

One hundred milligrams of pollen were in- 
fused into five cows. There was a decrease of 
701 Ib. milk and 41 Ib. fat, 7.6 and 9.3%, 
respectively. 

Under these experimental conditions the fat 
production was decreased more than milk pro- 
duction. In the second lactation following 
infusion, milk production inereased to near 
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preinfusion levels, but fat production remained 
depressed. 


P112. The effect of postpartum intramam- 
mary infusion of a bacterial antigen on milk- 
ing Guernsey cows. H. Srruss, W. E. PETER- 
SEN, AND B. CAMPBELL, University of Minne- 
sota, St. Paul. 

Sixty-four purebred Guernsey cows which 
had completed one or more lactations were 
given prepartum and postpartum intramam- 
mary infusions of a sensitized Staphylococcus- 
Streptococcus antigen. There was a _ highly 
significant decrease in the 305-day M.E. rec- 
ord—1,050 lb. of milk and 63 lb. of fat, 11.0 
and 14.3%, respectively. However, when this 
antigen was used in prepartum infusions only, 
there was a decrease of 396 lb. milk and 25 
lb. fat, 4.2 and 6.3%, respectively. 

Multiple regression coefficients were calcu- 
lated by the abbreviated Doolittle method on 
six variables; average production of prior 
lactations, number of lactations prior to infu- 
sion, number of prepartum infusions, days 
from last prepartum infusion to parturition, 
days from parturition to first postpartum in- 
fusion, and number of postpartum infusions. 
Only one variable, average production of prior 
lactations in 100 lb. of milk, was significant, 
and showed a negative regression coefficient 
indicating that higher-producing cows have a 
greater percentage decrease in milk production. 

Following pestpartum infusion, a majority 
of the cows had a slight amount of abnormal 
milk for at least two milkings. The degree of 
abnormal milk could not be correlated with 
treatment. 

A sire-daughter relationship to per cent 
decrease was observed. 


P113. Labor requirements for three systems 
of milking in a stanchion barn. R. D. PLow- 
MAN, N. W. Hooven, Jr., Dairy Cattle Re- 
search Branch, Animal Husbandry Research 
Division; and D. R. Mackay, Farm Electrifica- 
tion Research Branch, Agricultural Engineer- 
ing Researeh Division, ARS, USDA, Beltsville, 
Maryland. 

Labor comparisons were made between a 
portable bulk tank, a dumping station, and 
a regular system of machine milking. The 
portable bulk tank was a vacuum tank mounted 
on wheels and self-propelled in the alley be- 
hind the cows. Two milking units were at- 
tached to the tank and cows were milked di- 
rectly into it. Equipment for supplying vacuum 
and refrigeration were part of the system. 

The dump station consisted of a milk-re- 
eeiving vessel and a plastic pipe-line to carry 
the milk to the milk house. The regular rou- 
tine followed the practice of carrying the 
milk in pails to the milk house, an average 
distance of 50 ft. Two operators, 11 cows, and 
12 milkings were used to evaluate each system. 


Average total times per milking were 50.96, 
40.69, and 43.06 min. for the portable tank, 
dump station, and regular routine, respec- 
tively. These differences were significant. The 
longer time for the portable tank was due to 
more idle man- and idle machine-time. The 
disadvantage for the regular routine was the 
time required to carry the milk to the milk 
house. The dump station would be more ad- 
vantageous as the distance from the cows to 
the milk house increases. 


P1i4. An attempt to measure experimentally 
the possible mastitogenic effect of several milk- 
ing machine factors. J. M. Murpuy, Univer- 
sity of Pennsylvania, Philadelphia. 

Three two-group, double-reversal experi- 
ments using eight to ten animals each were 
conducted to determine whether low vacuum 
(12.5 in.) vs. high vacuum (18 in.), one brand 
of molded liner vs. one brand of stretched liner, 
or hand vs. normal machine milking could 
elicit a clinical (strip-cup) or leukocytie 
(bucket milk) response in infected and un- 
infected milking cows. Observations were made 
at every milking during the four 3-wk. pe- 
riods of each experiment. It was found that 
there was no significant clinieal difference in 
the treatments, in either infected or unin- 
fected cows. Based on leukocyte counts, it 
was found that (1) uninfected cows were not 
significantly influenced by any of the treat- 
ments, (2) a possible mastitogenie effect was 
shown by the molded liner in two of five in- 
fected cows and (3) by hand milking in two 
of four infected cows, whereas (4) none of 
four infected cows was influenced by changes 
from high to low vacuum. 


P115. Residues in milk fat from dairy cows 
grazing pastures treated with granular hepta- 
chlor for eradication of the imported fire-ant. 
L. L. Rusorr, W. H. Waters, J. H. GHotson, 
J. B. Frye, Jr., L. D. Newsome, anp E. C. 
Burns, Louisiana Agricultural Experiment 
Station, Baton Rouge. 

The milk fat of dairy eattle placed on pas- 
ture treated with 0.25 lb. of heptachlor per 
acre at intervals of one day, eight days, 15 
days, 29 days, and 43 days after application, 
showed low level residues (maximum 3 p.p.m.) 
of heptachlor epoxide. The residue in milk 
fat of cows placed on the pasture after 57 
days was present in trace amounts. 

Applieation of heptachlor at 0.25 lb. per 
aere will result in heptachlor epoxide residues 
in the milk fat from animals grazing such 
treated areas. Use of this inseeticide on pas- 
tures is not recommended. 


P116. Effect of animal mucin concentrates 
on bloat. E. E. Bartiey anp I. S. Yapava, 
Kansas State University, Manhattan. 
Results of earlier studies led to the postu- 
lation that reduced salivation during the eon- 
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sumption of lush forage may be a factor in 
bloat and that mucin in saliva may be the 
antifrothing agent necessary to prevent bloat. 
Consequently, several plant and animal mucins 
were sereened in vitro. Bovine saliva and two 
animal muein concentrates prevented the de- 
velopment of alfalfa saponin foam in vitro. 
Feeding these animal mueins (50-75 g/cow 
via the fistula) to five sets of identical-twin 
cows before grazing alfalfa prevented bloat 
for 2 hr., but not effectively for more than 
thr. Average bloat indexes (0 = no froth to 
5 = severe froth) after 2, 4, and 6 hr. were, 
respectively, mucin-—fed 0.4, 0.8, 1.0; control 
2.0, 1.8, 1.9. Inereasing animal muein to 300 
g/eow improved the protective action of mucin. 
At this level, average bloat indexes after 2, 
4, and 6 hr. were mucin fed 0, 0, 0.4; control 
2.0, 2.1, 2.1. Cellulose cubes, impregnated 
with mucin in an attempt to extend their pro- 
tective action, were less effective than dry 
muein. 


P117. Role of mucinolytic bacteria in feedlot 
bloat. L. R. Frya, E. E. Bartiey, anv B. 
Misura, Kansas State University, Manhattan. 

It has been reported that added animal 
muein will delay onset of bloat for 2-4 hr. 
Also, at this station, it was learned that cer- 
tain rumen bacteria degrade and utilize mucin. 

In trials with three sets of identical-twin 
cows, feedlot bloat was prevented when 4 lb. 
of alfalfa hay were fed with the bloat-pro- 
voking diet. In three subsequent experiments, 
bloat oceurred in these animals upon addition 
to the rumen of cultures of an unidentified 
mucinolytie rumen bacterium, but not in un- 
inoculated controls. In similar experiments, 
three other mucinolytic baeteria, Sarcina lutea, 
Staphylococcus aureus, and Escherichia coli, 
capable of living on mucin as a sole source of 
nutrients, provoked feedlot bloat. Aerobacter 
aerogenes, a nonmucinolytie bacterium, was 
unable to produce a feedlot bloat. 

It is postulated from these studies that 
mucin in normal salivary secretions, if suffi- 
cient in quantity, prevents bloat. If there is 
reduced salivation during the consumption of 
bloat-provoking diets, or if mucin is destroyed 
due to an excessive concentration of mucino- 
lytic flora, bloat may result. 


P118. The relation of pentosans and polyuro- 
nides in forage plants to the incidence of pas- 
ture bloat. H. R. Conrap and B. A. Denorirty, 
Ohio Agricultural Experiment Station, Woos- 
ter. 

Pentosans, measured as furfural-producing 
compounds, uronic acid, measured as the 19% 
HCl decarboxylatable materials, and acid-sol- 
uble, 2.5-hr. extracted pectins were measured 
daily in pasture forages being grazed py 
dairy heifers. The highest incidence of bloat 
was during the period when Ladino clover 
and alfalfa were determined to be highest in 
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acid-soluble pectin. Daily changes in pentosan 
and uronic acid content were less marked and 
were not associated with the incidence of 
bloat. Legumes were found to be relatively 
high in uronie acid and low in pentosans. 
Alfalfa, Ladino clover, and timothy contained, 
respectively, 14.9, 14.5, and 5.6% uronie acid 
and 6.2, 4.7, and 11.99% pentosans. The in 
vitro digestion of the uronic acid fraction of 
finely ground alfalfa was highest in prebud 
alfalfa. Digestion was less for each advane- 
ing stage of maturity. Pentosans were di- 
gested more slowly. In another experiment 
with alfalfa clippings, one-third of the uronic 
acid was digested within 0.5 hr. and accounted 
for most of the carbon dioxide produced. 
These results indicate that the polyuronides, 
which are precursors of rapid gas production 
and sourees of acid-soluble pectins, are pri- 
mary plant compounds contributing to pasture 
bloat. 


P119. An apparatus for the continuous cul- 
tivation of the rumen microbial population. 
W. H. Rurener, W. O. NELSON, AND M. J. 
Wouty, University of Illinois, Urbana. 

Rumen ingesta, in a 300-ml. fermentor, is 
continuously fed a simulated saliva and water 
at a rate proportional to in vivo conditions. 
Feeds are introduced in a manner which ap- 
proximates natural feeding. Provisions are 
made for anaerobiosis, collection of effluent 
liquid and gases, and control of pH by use 
of ion exchange resins. 

In a preliminary trial, six fermentors were 
maintained for ten days, with total in-flow 
equivalent to approximately 20 times the ini- 
tial rumen fluid volume. These fermentors 
represented triplicate treatments of rumen 
fluid from two fistulated cows maintained on 
predominately roughage and predominately 
concentrate diets, respectively. High roughage 
and high concentrate mixtures were fed to 
the cultures for three-day periods before the 
diets were switched. Although the rumen or- 
ganisms were exposed to extremes of diet, a 
generally normal picture was maintained with 
respect to concentration and proportions of 
volatile fatty acids (VFA), methanogenesis, 
and oligotrich protozoa. VFA were produced 
at the rate of 0.75 to 1.0 meq/hr/100 g. of 
rumen fluid. 

The apparatus has advantages of inexpen- 
siveness and simplicity, which permit the prac- 
tical operation of several fermentors simul- 
taneously for fundamental and practical in 
vitro studies of rumen activity. 


P120. Effect of diet on lactate-C* fermenta- 
tion in rumen fluid. R. L. Bautpwin, W. A. 
Woop, R. S. Emery, AND M. Wacasey, Michi- 
gan State University, East Lansing. 

Rumen fluids from cows on diets of (a) al- 
falfa pellets, (b) high grain, (¢) cooked grain, 
(d) alfalfa hay, and (e) alfalfa silage plus 
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lactic acid were ineubated with lactate-2-C* 
and -3-C". The initial acetate-propionate ra- 
tios (molar) were 3.1, 2.5, 2.5, 3.1, and 2.2, 
whereas the acetate-C'—propionate-C™ ratios 
(after 60 min.) were 10, 7.1, 5.5, 10.8, and 2.5, 
respectively. The isolated acetate and _pro- 
pionate samples were degraded to yield the 
individual carbon atoms. Determination of 
their radioactivity lead to the following con- 
elusions: (1) little randomization of C™ in 
lactate occurs, (2) carbon atoms 2 and 3 of 
propionate were partially randomized, reflect- 
ing contribution of the dicarboxylic acid (sue- 
cinate) pathway of 40 to 50% on diets a, b, 
e, d and 20% on diet e, and (3) the lack of 
complete randomization of C between carbons 
2 and 3 of propionate indicated a 50 to 60% 
contribution of a different pathway to pro- 
pionate (possibly involving aerylate) on diets 
a, b, e, d and 80% on diet e. The results with 
laectate-2-C™ and -3-C™ were complementary. 


P121. Effect of ad libitum or equalized feed- 
ing of alfalfa hay or silage on rumen contents 
and its characteristics. J. W. Tuomas, J. R. 
INGALLS, M. YANG, AND B. S. Reppy, Michigan 
State University, East Lansing. 

The intake of hay was 169% compared to 
a companion silage in a simple change-over 
experiment using four fistulated cows. Rumens 
were periodically emptied, contents weighed 
and sampled with both ad libitum and paired 
feeding. The dry matter (D.M.) per cent and 
total rumen D.M/ewt was highest (P < 0.05) 
when hay was fed ad libitum, but D.M. in 
rumen + D.M. intake was at least (P < 0.05). 
These three items were similar when forage 
intakes were equalized. The regressions be- 
tween intake as D.M/ewt (X) and other items 


were: (1) per cent D.M. in rumen contents = 
10.02 + 1.35X; (2) D.M. in rumen as lb/ewt 
= 1.03 + 0.30X; (3) rumen D.M. ~+ intake 


D.M. = 1.78 — 04A8X; and (4) total rumen 
contents as lb/ewt = 11.12 + 0.88X. There 
were no significant differences in concentrations 
of individual or total volatile acids due to 
forage or intake level. However molar per cent 
was highest (P < 0.05) for acetic acid and 
lowest (P < 0.05) for butyrie and propionie 
acids in strained rumen fluid from cows fed 
hay ad libitum. Values were similar on equal- 
ized intakes of hay and silage. Gas produced 
in vitro was more (P < 0.05) with this fluid 
from cows fed hay, but this probably was due 
to its higher D.M. content (P < 0.05). 


P122. Production of volatile fatty acids and 
lactic acid from corn starch by rumen micro- 
organisms in vitro. R. L. Saussury, J. A. 
Horrer, AND R. W. Lueckr, Michigan State 
University, East Lansing. 

Inocula prepared by straining rumen ingesta 
through cheese cloth (strained rumen fluid) 
or centrifuging strained rumen fluid (centri- 
fuged rumen fluid) were obtained from ani- 
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mals receiving hay plus concentrate in the 
proportion of 10:1 (Ration A) or 11:9 (Ra- 
tion B). When these were incubated with un- 
treated or boiled starch, a lowering of the 
acetic/propionic ratio was observed. With 
boiled stareh the lowering of this ratio was 
at the same or a more rapid rate than that 
obtained for the untreated starch. With the 
strained rumen fluid, total volatile fatty acid 
production was approximately the same for 
Ration A compared to Ration B and for un- 
treated starch compared to boiled starch. Total 
volatile acid production was higher with cen- 
trifuged rumen fluid from Ration A than with 
a similar inoculum from Ration B. Boiled 
starch generally, but not invariably, gave a 
higher lactic acid production than untreated 
starch. The experiment resulting in lowest 
production of volatile fatty acids (centrifuged 
rumen fluid, Ration B) showed the highest 
production of lactic aeid. 


P123. The metabolic fate of isovalerate in 
Ruminococcus flavefaciens. M J. ALLISON AND 
M. P. Bryant, Dairy Cattle Research Branch, 
USDA, Beltsville, Maryland, and M. Keeney 
‘nD I. Karz, University of Maryland, College 
Park. 

Strain C-94 of the cellulolytic rumen bac- 
terium Ruminococcus flavefaciens has a growth 
requirement for isovalerate or  isobutyrate. 
Studies conducted to determine the funetion 
of isovalerate have shown that labelled carbon 
from isovalerate-1-C“ and isovalerate-3-C™ is 
incorporated into cellular protein (all as leu- 
cine) and lipid. Methyl esters of fatty acids 
from the lipid fraction of cells grown in a 
synthetie medium containing isovalerate-1-C™, 
isobutyrate, and acetate as the only lipoidal 
materials have been separated by gas chroma- 
tography. The eluate from the column was 
trapped and 74% of the C™“ was found as a 
branched 15-earbon fatty acid and 13% was in 
the 17-carbon fatty acid fraction. Radioae- 
tivity was also noted in a 15-carbon aldehyde. 

Higher fatty acids from the cells were pres- 
ent in the following proportions: Cy, 14%; 
C,,-branehed, 1.4%; Cu, 5.4%; C,;-branched, 
27.4%; Cis, 2.3%; Ci-branehed, 6.2%; C 
23.00; Cys-monounsaturated plus C,;, 7.0%; 
C,., 10.300; C.,-monounsaturated, 15.7%, plus 
traces of unidentified acids. It is suggested 
that rumen bacteria synthesize and are the 
souree of a significant portion of ruminant 
body and milk lipids ineluding odd-numbered, 
branched-chain and other fatty acids and 
aldehydes. 


P124. Ruminal absorption of amino acids 


R. M. Cook, R. E. Brown, anv C. L. Davis, 
University of Illinois, Urbana. 
Although <Annison (Biochem J., 64: 705. 


1956) was unable to deteet amino acid absorp- 
tion on the basis of arterio-portal differences in 
total amino nitrogen, it seemed desirable to re- 
investigate the problem with more sensitive 
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analytical techniques. Analysis of cell-free 
rumen fluid with the ion-exchange chromato- 
graphie procedure for neutral and_ acidic 
amino acids of Moore, Spackman, and Stein 
(Anal. Chem., 30:1185. 1958) revealed the 
presence of threonine, serine, glycine, alanine, 
valine, cystine, isoleucine, and leucine. The 
transfer of glycine across rumen epithelial 
tissue was demonstrated in vitro in saes of 
rumen tissue suspended in saline. Further 
evidence of ability of rumen tissue to transfer 
glycine was obtained when a fourfold increase 
in the glycine concentration of blood draining 
either perfused or intact rumen was measured 
following addition of 5 to 10 g. of glycine to 
the rumen. When a solution containing ten 
different acidic and neutral amino acids was 
administered to the rumen of a steer, the con- 
centration of serine, threonine, leucine, and 
leucine, and isoleucine increased in rumen vein 
blood. This evidence suggests that competi- 
tion between amino acids for the absorption 
mechanism, known to occur in intestinal tissue 
of other species, may influence amino acid ab- 
sorption from the rumen. 


P125. Proportions of volatile fatty acids in 
rumen ingesta of dairy heifers following 
changes from one type of roughage to another. 
R. E. Rorrier anp F. R. Murpock, Washing- 
ton State University, Pullman. 

To determine changes that occur in the pro- 
duetion and proportions of volatile fatty acids 
following changes in type of roughage fed, 
four yearling Holstein heifers were changed 
from rvegrass pasture (Period I) to alfalfa 
hay (Period II) and back to pasture (Period 
III). Rumen samples were collected via stom- 
ach tube at definite intervals during each 
20-day period. Fatty acids were determined 
by Keeney’s method. The total volatile fatty 
acid concentration in micromoles per milli- 
liter of rumen fluid and the standard error 
of the mean for Period I was 57.6 + 2.1; for 
Period II, 83.2 + 3.4; and for Period ITI, 
72.8 + 2.7. The molar percentage of acetic, 
propionic, butyric, and higher acids, respec- 
tively, for Period I was 63.5 + 0.3, 19.2 + 0.4, 
10.6 = 0.6, and 6.7 + 0.5; for Period II, 
68.6 + 0.3, 18.8 0.3, 8.4 + 0.2, and 4.2 + 
0.3; and for Period III, 62.8 0.4, 20.5 + 
0.4, 11.7 + 0.2, and 4.8 + 0.4. An abrupt 
change from 63.3 to 69.5 in the molar per- 
centage of acetic acid occurred between the 
last day of pasture and the first day of hay. 
Likewise, a decrease from 68.4 to 62.1 occurred 
between the last day of hay aad the first day 
of pasture. 

P126. The effect of lactate feeding on ketosis 


in dairy cattle. H. D. Raptorr anp L. H. 
ScuvuLtz, University of Wisconsin, Madison. 


An experiment involving 50 cows was con- 
ducted to determine if the feeding of lactates 
would prevent ketosis. The cows were paired 


with half serving as controls and half being 
fed an average of 1.21 lb. of lactates (supplied 
by Western Condensing Company, Appleton, 
Wisconsin) per day for 6 wk. postpartum. 
Daily milk weights and weekly blood samples 
were taken. 

The incidence of ketosis was low in both 
groups. ‘Two of the lactate-fed cows and one 
of the control cows had to be treated for ke- 
tosis, because they went off feed and had an 
abnormal blood picture. 

Blood sugar levels were maintained at a 
higher level in the lactate-fed cows, but the 
difference was significant (P < 0.05) only dur- 
ing the 4th wk. (47.0 vs. 43.3 mg. %). 

After the lst wk., the blood ketone levels 
of the laetate-fed cows were lower than the 
controls, but the difference was _ significant 
(P < 0.05) only during the 6th wk. (4.8 vs. 
7.8 mg. %). 

There were no statistically significant dif- 
ferences in weekly average milk production, 
although the control cows maintained a slightly 
higher level. The greatest difference was at 
5 wk. (59.9 vs. 56.6 lb. daily). 


P127. Effectiveness of enzyme and culture 
additions on the preservation and feeding 
value of alfalfa silage. M. Ouson anp H. H. 
VoELKER, South Dakota State College, Brook- 
ings. 

Alfalfa was preserved untreated and treated 
with 10 lb. per ton of enzymes of Aspergillus 
oryzae and nutrient culture of lactic acid bae- 
teria in two silos. Ten cows were used on trial 
with each of the silages, with nonsignificant 
production response from the enzyme silage, 
each group averaging 34 lb. of 4% F.C.M. 
daily. Cows on enzyme silage lost 36 lb. weight, 
average, in 12 wk. on enzyme silage; 44 lb., 
controls. Average daily consumptions were 
37.2 lb., enzyme silage; 36.0, control. Thirty- 
two heifers in a replicated trial gained 16% 
more weight (not significant) than controls 
on enzyme silage. The pH of enzyme silage 
declined more rapidly during the lst wk. of 
preservation and remained lower for 5 wk. 
Temperatures of enzyme silage reached a peak 
of 105° F. two days after filling; 122° in un- 
treated silage, with a difference persisting 
1 wk. In pilot trials with 200-lb. sealed drums, 
11 calves gained 2.06 lb. daily on enzyme, 
low-moisture haylage; controls, 1.64 lb. (sig- 
nificant, P = .07) and consumed more enzyme- 
treated haylage. Solid carbon dioxide at 25 
lb. per ton, used to inhibit plant cell respira- 
tion, increased silage consumption but did not 
improve weight gains of calves. 


P128. The effect of zinc bacitracin on silage 
microorganisms. ©. W. LAanaston, R. M. Con- 
NER, C. H. Gorpon, anp L. A. Moore, Dairy 
Cattle Research Branch, ARS, USDA, Belts- 
ville, Maryland. 

Pure cultures of typical silage organisms 
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were tested for growth with zine bacitracin. 
Strains tested included streptococci, leuco- 
nostoes, pedio-cocci, lactobacilli, sporeforming 
aerobes, gram-negative rods, and clostridia. 
Generally, the antibiotic showed little effect 
on the growth of lactic acid bacteria. Length- 
ening of the lag phase was observed at 5 and 
20 p.p.m., but the growth rate was not seriously 
affected except with two strains of lactobacilli 
at 20 p.p.m. The leuconostoes were unable to 
grow in the presence of the antibiotic. Clos- 
tridia usually withstood higher concentrations 
of zine bacitracin than the lacties. The lac- 
tate fermenting clostridia grew at 5 and 20 
p-p.m. and the putrefactive strains tolerated 
50 p.p.m. No preserving effect was observed 
when zine bacitracin was added either to 
forage slurries or to forage ensiled in 4-ft. by 
8-ft. experimental silos. Attempts to make 
poor silage in experimental silos failed, thus 
overmasking any beneficial effect of added 
zine bacitracin. Pure culture studies suggest 
that the mode of action of zine bacitracin in 
silage is not that of stimulating or inhibiting 
certain groups of organisms, as has been sug- 
gested. However, no conclusive evidence was 
obtained to show a direct antibiotic effeet in 
the fermentation of forage. 


P129. The effects of stage of maturity, wilt- 
ing, and a preservative on losses in the silo. 
HaGen LiprKe AnD R. E. Letcuton, A & M 
College of Texas, College Station. 

Atlas sorghum, ensiled in eight polyethy- 
lene plastic bags, was used in a 2 X 2 X 2 
factorial design to study the effects of two 
stages of maturity (milk and hard seed), two 
levels of moisture (approximately 65 and 
75%), and the use of sodium metabisulphite 
as a preservative on fermentation and other 
losses in the silo. With aid of a fork lift the 
half-ton silos were weighed before and after 
filling. Using the split-sample technique, ten 
samples were placed in mesh bags at various 
levels in each silo and three composites of 
these samples were kept out for analyses. 

At the end of a 4-mo. period, the experi- 
mental silos were weighed, drained and re- 
weighed, and the samples collected. The re- 
sults of chemical analyses and of moisture 
determinations by both the oven and toluene 
distillation methods will be presented. Mois- 
ture determinations of representative samples 
and the silo weights indicate the following: 
Actual dry matter losses ranged from 2.3% 
to 18.9%; were lowest in the untreated, ma- 
ture, wilted silage and highest in the treated, 
unwilted silages. Except for seepage losses 
(3.0%) in the unwilted silages, total weight 
changes were negligible. Seattered areas of 
mold were found in only the wilted, untreated 


silage. 


P130. Zinc bacitracin as a silage preservative. 
A. D, Prarr anp H. R. Conran, Ohio Agri- 
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cultural Experiment Station, Wooster. 
Alfalfa-grass mixtures were ensiled (1) un- 
treated, (2) with 5 g. zine bacitracin per ton, 
and (3) with 8 lb. metabisulfite per ton. The 
untreated and bacitracin-treated silages were 
from alternate loads from the same field and 
placed in one silo separated with a plastie 
sheet. These silages were fed to six Holstein 
and six Jersey cows, using a 3 XxX 3 Latin- 
square design with the third period repeated. 
All possible sequences of one silage following 
another made measurement of residual effects 
possible. Alfalfa hay was fed at 5 and 3 |b. 
daily to Holsteins and Jerseys, respectively. 
Grain was fed in ratio to milk production and 
silage to appetite. The metabisulfite silage 
was first cutting and more fibrous than the 
second cutting used for untreated and bacitra- 
cin-treated silages and resulted in less 4% 
F.C.M. The daily milk production was 34.8 
lb. while on untreated, 35.4 while on silotracin- 
treated, and 33.5 while on metabisulfite-treated 
silage. Statistical analysis showed no direct 
effect of bacitracin on milk production. Silo- 
tracin and metabisulfite treatments both re- 
duced milk production and dry matter intake 
in the period following the respective silages. 


P131. Comparative feeding value of corn and 
grain sorghum silages. C. B. Brownrne, J. W. 
Lusk, AnD J. T. MILEs, Mississippi State Uni- 
versity, State College. 

Eighteen lactating cows (three Ayrshire, 
three Holstein, six Jersey, six Guernsey) in a 
three-treatment switchback design feeding trial 
with 28-day periods, were used to compare 
Dixie 55 corn, NK 300 intermediate forage 
type grain sorghum, and RS 610 combine grain 
sorghum silages. The corn was harvested in 
the early dent and the grain sorghums in the 
milk-to-early-dough stage and stored in up- 
right silos. All cows were fed silage ad libitum 
twice daily and .5 lb. of alfalfa hay per 100 
lb. body weight once daily. A 15.5% erude 
protein grain mix was fed according to NRC 
digestiblle energy standards and the quantity 
decreased 2% each week. 

Silage dry matter consumption per 100 lb. 
body weight for the corn, NK 300, and RS 610 
was 1.22, 1.38, and 2.24 lb., respectively. Av- 
erage daily FCM was 25.9, 25.7, and 32.1 Ib., 
respectively. Average persistency of produe- 
tion was 80.5, 78.0, and 117.5%, respectively. 
There was a significant difference between the 
mean value for the RS 610 treatment and the 
others in all three of the above measurements. 
A Latin-square total collection trial with 
heifers was used to determine digestion eco- 
efficients of the three silages. 


P132. Effect of soybean flakes and rate of 
filling on nutrient losses and silage quality. 
W. J.: Minter, C. M. Cuirton, anp N. W. 
CaMERON, University of Georgia, Athens. 
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Four tower silos were filled with a forage 
mixture containing 46% ryegrass, 30°% oats, 
and 24% crimson clover. The experimental 
treatments were: a) slowly filled, b) slowly 
filled with 146 lb. of soybean flakes per ton, 
e) rapidly filled, and d) rapidly filled with 
soybean flakes. Total dry matter losses calcu- 
lated as a percentage of forage dry matter 
ensiled were: a) 19, b) 23, ¢) 13, and d) 16. 
Corresponding losses by seepage were: 8.3, 
5.7, 7.2, and 4.1. Thus, the soybean flakes 
reduced the losses by seepage but not the 
invisible loss. The silages were fed to 24 cows 
in a continuous type feeding experiment with 
a 3-wk. standardization and an 8-wk. treat- 
ment period. There were no significant differ- 
ences in milk production; fat test, SNF, or 
protein content of milk; silage consumption; 
or weight gains. Adjusted for differences in 
the standardization period milk production 
was as follows: a) 28.6, b) 29.3, ¢) 29.9, and 
d) 29.5. Average 4-wk. persistencies, weight 
gains, and silage dry matter consumption 
values were as follows: a) 95.9, 1.2, 10.2; 
b) 96.9, 1.4, 12.7; ¢) 97.9, 1.0, 11.7; and d) 
97.0, 1.2, and 12.2. 


P133. Organic solvents for forage preserva- 
tion. L. D. Brown anv R. S. Emery, Michigan 
State University, East Lansing. 

During the summer of 1959, a program was 
initiated to screen several compounds for bene- 
ficial effects in storing direct-cut forages. The 
first products screened were antibiotics and 
organic solvents. Based on color, smell, and 
taste a forage preserved with 3% ethanol ap- 
peared promising. In 1960, three experimental 
silos were filled with direct-cut alfalfa taken 
from the same field. The material in Silo 1 
was preserved with 8 lb. of sodium metabi- 
sulfite/ton. In Silos 2 and 3 ethanol was added 
at the rate of 20 and 60 lb/ton. Eighteen 
Holstein heifers were divided into three com- 
parable groups and fed one of the three ex- 
perimental forages ad libitum for 30 days. 
No supplemental feed was offered. The average 
daily gains and dry matter intakes were 1.02, 
14.0; 1.45, 13.2; and 1.68, 13.7 lb. for Silo 
Groups 1, 2, and 3, respectively. In the same 
order, the pH and dry matter percentages were 
5.1, 23.0; 4.6, 20.3; and 4.8, 21.6%, respeec- 
tively. Most of the ethanol added to Silos 2 
and 3 was rapidly lost, with only traces de- 
tectable after 70 days. Ethanol appeared to 
nhibit gas production but not organic acid 
production. 


P134. The effect of preservatives on silage 
dry matter losses in sweet and grain sorghums. 
D. S. Ramsey, Mississippi State University, 
State College. 


Tracy sweet sorghum was ensiled in 1-ft. 
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by 4-ft. steel tanks with (A) sodium metabi- 
sulfite (8 lb/ton), (B) zine bacitracin (5 
g/ton), (C) stareh (75 lb/ton), and (D) no 
preservative. Dry matter losses corrected for 
runoff were 29, 16, 16, and 13%, respectively, 
for the four treatments. RS 610 variety grain 
sorghum was ensiled under similar conditions 
with treatments (A), (B), and (D) above 
and treatment (EF) 80 lb/ton of cane sugar. 
This is about one-half the sugar level of sweet 
sorghum. Dry matter losses corrected for 
runoff were (A) 0.1, (B) 5.3, (D) 6.8, and 
(E) 16.0%. In both sorghums, losses due to 
zine bacitracin were not significantly differ- 
ent from the control. A highly significant in- 
crease in dry matter loss was found in sweet 
sorghum treated with metabisulfite and grain 
sorghum treated with sugar. In sweet sorg- 
hum, the difference between the starch treat- 
ment and the control was not signifieant. In 
the grain sorghum, sodium metabisulfite re- 
duced dry matter losses significantly. These 
results indicate the high dry matter loss found 
in sweet sorghum may be due to the high 
sugar level of that crop. 


P135. The digestibility of common timothy 
hays grown with different levels of nitrogen 
fertilization. R. E. Sroxer, J. L. Evans, M. C. 
Strtuions, W. V. CHALUPA, AND C. H. RAMAGE, 
Rutgers—The State University, New Bruns- 
wick, New Jersey. 

Four Guernsey heifers were used in a total 
collection digestion trial (4 x 4 Latin-square) 
to compare the digestibility of the following 
1959 hays: (1) seeond-eutting alfalfa har- 
vested 6/30; (2) 125 lb. N/A timothy, 6/2; 
(3) 75 lb. N/A timothy, 6/4; and (4) 25 Ib. 
N/A timothy, 6/2. Protein and cellulose per- 
centages (dry matter basis) were 23.79, 31.31; 
19.95, 29.58; 16.49, 30.34; and 12.49, 31.54, 
respectively. Protein digestion coefficients 
were 78, 70, 70, and 63%, respectively. The 
78 was significantly higher and 63 was sig- 
nificantly lower than other coefficients. Al- 
falfa and 75 lb. timothy were about equal; 
however, 125 lb. timothy was slightly lower 
and 25 lb. timothy was significantly lower with 
respect to nitrogen balance. Digestion coeffi- 
cients for organie matter and cellulose and 
TDN were lower for alfalfa than for timothy 
forages. These differences in TDN between 
alfalfa and timothy may be partly explained 
by differences in their crude fiber and ether 
extract concentrations and digestibilities. In 
addition, these lower values, for alfalfa and 
slightly lower values for 125 lb. timothy, may 
be caused by either excessive protein (N X 
6.25) per se or as a result of protein diluting 
energy and upsetting protein: calorie ratio. 
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EXTENSION SECTION 


El. An extension program in a changing ag- 
riculture. H. L. AuuGren, Agricultural Exten- 
sion Service, University of Wisconsin, Madison. 


E2. Working with related specialists. C. D. 
McGrew, Ohio State University, Columbus. 

Extension specialists in Ohio who collabo- 
rate most closely with those in Dairy Science 
represent departments of Agronomy, Agricul- 
tural Engineering, Farm Management, Dairy 
Marketing, and Dairy Technology. 

A pattern of close-working relationships has 
evolved over a period of 20 yr. or more. Farm- 
unit started about 1940, helped set 
a pattern. These centered around such topies 
as cow-barn economies, dairy nutrition, forage 
crop production and preservation, sanitation, 
marketing and milking practices. 

Recently, one-day institutes and field days 
have tended to supplement and supplant the 
extended series. 

Most of these have involved three to five 
counties. A team of four or five specialists 
representing as many subject matter areas has 
conducted 15 to 25 institutes each year. Ex- 
tension supervisors help in scheduling. 

Some aspects of a successful team-approach 
would appear to be: 


schools, 


1. Cognizance by each specialist of his own 
limitations and strong points. 

2. Appreciation of other specialists’ au- 
thority and viewpoint. 

3. A common edueational objective. 

4. Checking signals to attain a 
mentary effect. 

5. Collaboration in the preparation and use 
of visuel-atds and printed material. 


comple- 


E3. How related specialists view the team 
approach. F. V. BurcaLow, University of 
Wisconsin, Madison. 

An extension specialist should be closely 
identified with his subject matter department, 
because he should be the source of reference 
for the subject mater for which he is respon- 
sible. However, he should be broad enough, 
or well enough versed in closely related sub- 
ject matter fields, to also be able to satisfae- 
torily answer farmers’ questions pertaining 
to closely related subject matter fields. The 
Agronomy specialist should know the = spe- 
cialists in these other fields and be willing to 
get detailed information on uncommon ques- 
tions from them. A subject matter specialist 
must have mutual confidence in his fellow 
specialists in closely related fields. This con- 
fidence is best obtained or gained by planning 
and working together on a team approach. 

The team approach can be used on many 
projects and in many fields. The team ap- 
proach can extend the effectiveness of indi- 
vidual specialists and make their efforts more 
efficient. The team approach is appreciated 
by farmers as well as the county agents you 
are working with. 


In Wisconsin, we have many examples of 
this—the Corn Pace Makers, Shur-Fire Al- 
falfa, Sprayer Schools, Dairy Cattle Housing, 
Quality Milk Produetion, Animal Health, and 
the Grassland Farming Program. In this pro- 
gram, we have both extension and research 
people from six or seven subject matter de- 
partments, all working together on a common 
but complete program. Specialists working 
on this really become Grassland Projeet spe- 
cialists while still maintaining their desired 
subject matter department identity. The job 
to be done is usually larger than any one 
individual or group can carry through to com- 
plete accomplishment. Working together, the 
desired goals can be reached much sooner. On 
the basis of present programs, related spe- 
cialists must believe that the team approach 


is a good one. 


E4. Administrative assistance in attacking 
the problem. J. R. Parrish, Auburn Univer- 
sity, Auburn, Alabama. 

Auburn University has three major divisions 
as originally planned in the land-grant college 
charter, Administration and Teaching, Agri- 
culture and Researeh, and Extension. This 
discussion is based on this type organization 
and would have to be modified for institutions 
with different administrative arrangements. 
The officials in charge of these divisions be- 
lieve that an approach to all major questions 
on the university-wide basis would be more 
effective and a greater service to Alabamians. 

They prepared a joint agricultural policy 
making the Experiment Station responsible 
for research on production, harvesting, mar- 
keting, and utilization of agricultural produets 
and conservation of natural resourees; Ex- 
tension responsible tor disseminating research 
information; and the Sehool of Agriculture 
responsible for resident instruction. Speeitic 
arrangements were made regarding publica- 
tions and short courses, workshops, field days, 
and other edueational meetings on state, dis- 
trict, and county levels. 

As a result, the cooperating organizations 
organized and approved a Dairy Extension 
Self-Study Committee which reviewed past 
Extension activities, evaluating results on the 
basis of current need and suggested major 
programs of work. 

In 1961, we are working on mastitis control 
and forage testing. In addition, we will assist 
county workers with problems in their counties. 


E5. Extension and industry working together. 
M. F. Evumore, Virginia Polyteehnie Insti- 
tute, Blacksburg. 

Certain major problems, recognized by the 
people in any part of the dairy industry, jus- 
tify the joint effort of all organizations and 
agencies who have a common concern for these 
people, Certain basie principles must be ap- 
plied in developing an industry-team approach 
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to this type of problem solving. 1. The estab 
lishment of a state-wide iadustry sponsoring 
committee with organization representation 
rather than specifie individual interest rep 
resentation. 2. The opportunity to participate 
in developing the program should be extended 
to all organizations that have a direct interest 
in the problem solution. 3. The committee 
must adopt a sound, long-time program, thor- 
oughly understood and accepted by all par- 
ticipating organizations. 4. The plan must in- 
elude provisions for coordinating the special 
talents of each cooperating organization and 
its members. 5. All cooperating organizations 
must have equal representation on the state 
committee. One must not dominate. The Vir- 
ginia Mastitis Prevention and Control Pro- 
gram illustrates the application of the basie 
principles used in an industry-team approach 
to problem solving. 


E6. 4-H Calf Club projects can help provide 
herd replacements. F. N. Knorr, North Caro- 
lina State College, Raleigh. 

What ean be done about deelining enroll- 
ment in 4-H Dairy Calf Projects? North Caro 
lina Extension workers and businessmen in 
eight counties are working cooperatively to 
help furnish the answer. These counties are 
participating in a 4-H Dairy Project consist- 
ing of raising dairy heifers for sale as mature 
animals. The usual good demand for quality 
dairy herd replacements and an organized sale 
help insure the profitable disposition of the 
project animals. This in an appealing feature 
tor nondairy farm 4-H members. 

Iredell County pioneered the idea, with a 
project consisting of 66 registered Holstein 
heifers. Forty-three of these animals were 
sold in September 1960, as fresh cows or heavy 
springers for an average of $395. Two other 
groups anticipate a similar sale of grade ani- 
mals in the summer of 1961. 

All ealves used in the projects are from 
dams meeting certain production requirements 
and are bred to proven bulls upon the recom- 
mendation of the local leader or Extension 
Agent. Rapid development of the heifers is 
emphasized and each project member makes 
a monthly report of body weights to his 4-H 
agent. 

Local leaders and sponsors are helping to 
provide the close supervision needed for this 
project. 


E7. Dairy 4-H Club work for the sixties. 
M. 8S. Downey, 4-H Club and YMW pregrams, 
FES, USDA, Washington, D. C. 

The 4-H Club Program must be redesigned 
and add some new dimensions to meet the 
needs of young people in these rapidly chang- 
ng times. We will see an expanding program 
based on the developmental needs and capaci- 
ties of boys and girls—more specific training 
for the dairy project leader and greater at- 
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tention to the kind of edueational tools being 
provided. Total community and county re 
sourees must be utilized. 

The team and individual demonstrations 
that have always been effective methods of 
expression for 4-H} members will be enlarged 
to inelude all types of publie presentations. 
This will further develop and reeognize the 
best in communication skills. 

The Dairy Cattle Judging Programs, with 
their subsequent county, state, and national 
contests could be redesigned into a Dairy 
Cattle Selection Program. Type of the indi- 
vidual animal plus production of dam, type 
classification of sire and dam, along with 
other pertinent cow family and herd informa- 
tion may be considered. 

The underlying principles of sciences or the 
why of many dairy practices must be empha- 
sized. Likewise, dairy management and the 
economies of the dairy industry should be a 
very important feature for the older 4-H 
member. Career exploration of the allied dairy 
fields should be a part of a well-rounded 4-H 
Dairy Program. 


E8. Results of feed analysis in feeding dairy 
cattle. R. S. Apams, Pennsylvania State Uni- 
versity, University Park. 

Feed programming is a major phase of the 
Penn State Forage Testing Service. About 
84°% of the users of the service request feed- 
ing programs. A before-and-after study of 
DHIA reeords from herds using the service 
indicates that increases in production level 
and returns over feed costs are several times 
that for all DHTIA herds. In addition to more 
profitable production, some users report a 
reduced incidence of mastitis, udder conges- 
tion, acetonemia, milk fever, and reproductive 
problems. Less expensive grain mixtures and 
the fresh-cow feeding schedules which feature 
heavy grain feeding immediately before and 
after parturition, are phases of feed program- 
ming that have been extremely beneficial. An 
inerease in grain feeding generally results 
when feeding programs are followed. Detailed 
data will be given at the time of presentation. 
The forage testing service, which included 
feed programming, has provided us with our 
most effective means to date of premoting, 
developing, and demonstrating sound dairy 
feeding practices. 


E9. High level grain feeding for dairy cows. 
©. F. Hurrman, Michigan State University, 
East Lansing. 

To obtain more milk from high-producing 
cows it is necessary to feed higher levels of 
grain. Many dairymen, however, are prone 
to feed heavily on grain because of the belief 
that udder troubles, especially mastitis and 
udder edema, are aggravated by such a prac- 
tice. A review of the literature shows that 
heavy grain feeding does not produce either 
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one of these troubles. These data will be 
discussed, 

\nother stumbling block is the belief among 
dairying that heavy grain feeding may reduce 
profits. The main purpose of the DHIA_ pro- 
gram is to enable the dairymen to cull un- 
profitable cows. With eows capable of high 
milk produetion, the law of increased gross 
efficiency of milk production as the level of 
grain feeding is inereased is in foree. With 
many cows this law operates to the paint 
where the law of diminishing returns starts. 
It is believed that with cows of very high 
ability to produce milk, the law of increased 
efficiency of milk production with increased 
grain feeding operates as long as appetite in- 
creases, and that the law of diminishing re- 
turns does not apply. <A discussion of the 
importance of these two laws will be discussed. 


E10. Problems of feed evaluation related to 
the feeding of dairy cows. J. T. Reip, Cornell 
University, Ithaca, New York. 

Two important general problems, parts of 
which confront and demand the attention of 
the researcher, extension worker, and dairy- 
man, are: 1. Finding a simple means of evalu- 
ating feeds accurately, including the nutri- 
tional and economie substitutability of one 
feed for another at various levels of intake 
and within the range of other conditions found 
in practices, and 2. Putting such information 
to work at the level of the individual cow. 
Since the nutritive value of common concen- 
trates is less variable than that of forages, 
and the amount of concentrates fed is usually 
measured, these problems can be reduced 
mainly to the evaluation of forage feeds and 
the relation between forages and concentrates 
in mixed rations (perhaps more fundamentally, 
to the kinds and amounts of absorbed end 
products) of cows producing milk at a variety 
of levels. 

To feed cows in practice more accurately 
than is now possible, information is needed on 
the nutritive value per unit weight of feed, 
the amount consumed, the effect upon nutri- 
tive value of the level of intake, and the 
energy requirements for milk production. Al- 
though present means of determining the value 
per pound of forage are not entirely satisfac- 
tory under all conditions, the information 
which can be obtained on this is much more 
refined than is that which can be gotten on 
the last three needs listed above. Until ways 
are found to estimate the amount of forage 
consumed (short of actual weighing) and to 
predict the effect of the amount of total ration 
consumed upon nutritive value, even highly 
precise data on the nutritive value per unit 
of weight will be an ineffectual basis on which 
to ration cows. In addition to these problems, 
current feeding-standard recommendations 
(usually 0.3 lb. TDN/lb 4% FCM) are too 
low for cows producing large amounts of milk. 
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In present-day feeding practice, the body fat 
gained during the dry period is catering 

considerable proportion of the total energy 
used to produce milk. As a consequence, the 
true requirement for energy of even moder- 
ately high producers can be camouflaged by 
the catabolism of body fat. But, above yields 
of 60 |b. of 4% FCM per day for extended 
periods of time, the use of body fat ean no 
longer hide the large need for dietary energy. 
Based upon very limited data, the require- 
ment per pound of 4% FCM for cows produe- 
ing 90 to 100 Ib. FCM per day appears to be 
0.5 lb. or more of TDN (as measured at about 
the maintenance level of intake). This seems 
to be the result mainly of the increasing pro- 
portion of energy lost in digestion as the level 
of intake is increased. Thus, even with ae- 
curate data on the nutritive value and in- 
take of forages, a large error in the amount 
of concentrates recommended could result from 
the inadequacy of the rationing standard. 


Ell. Using feed information on the farm. 
G. H. Porter, Beacon Milling Company, a di- 
vision of Spencer Kellogg and Sons, Ine., 
Cayuga, New York. 

The continuing challenge to all in extension 
work and to those in the feed industry is the 
task of stimulating dairymen to make effective 
use of tools now available to them. In recent 
years, considerable research attention has been 
directed to the area of forage evaluation. 
Without doubt, less attention has been focused 
on the problem of on-the-farm use of forage 
evaluation data. 

About 5 yr. ago it was evident to the Beacon 
Dairy Research Department that it was time 
to develop a dairy feeding program based 
more specifically on the nutrient requirements 
of the cow. It was found that grain-to-milk 
ratios were under-feeding the high-producing 
cows and overfeeding the low producers. It 
was also clear that greater consideration had 
to be given roughage quality and its resultant 
effect on the most profitable level of grain 
feeding. 

Information will be presented describing 
the specific feeding program developed. Data 
will be made availablle relative to the use of 
the feeding program referred to above in the 
Beacon Dairy Research Herd and its use in 
the field. Roughage evaluation will be dis 
cussed as a vital adjunct to dairy feed pro 
gramming. 


E12. A training program for DHIA super- 
visors and county agents. R. C. Fixncuam, 
Iowa State University, Ames. 

The lowa training program for DHIA super 
Visors consists of a 2-wk. training course at 
the University, on-the-job training, and two 
annual conferences, 

The training course is divided into two 
parts, held 1 mo. apart, with trainees spend- 
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ing at least two days working under selected 
experienced supervisors during the interven- 
ing period. Extension dairymen assume major 
responsibility for the on-campus training with 
central staff members assisting. Details of the 
2-wk. training program will be presented. 

Spring and fall conferences have been held 
annually sinee 1926. The two-day state-wide 
conference for DHIA supervisors, held in the 
spring at the State 4-H Camp, is devoted to 
bringing supervisors up to date on subject 
matter and discussing their common problems. 
Subject matter is presented primarily by cen- 
tral staff members. 

The one-day district conferences held in 
the fall for DHIA supervisors, county agents, 
and loeal association officers are devoted pri- 
marily to handling business affairs of local 
associations. Some subject matter is presented 
by extension dairymen. 

A production testing handbook has been 
prepared and provided to every county agent. 
The handbook and sample copies of confer- 
ence programs will be available for inspection. 
Visual aids used in training will be discussed. 


E13. Checking DHIA supervisors in their 
testing and record-keeping work. C. H. Par- 
sons AND D. A. Evans, University of Massa- 
chusetts, Amherst. 

I. Babeock Testing. During the fall of 1960 
a project was undertaken to check the Bab- 
cock testing techniques of every Massachusetts 
DHIA supervisor. A master set of 24 samples 
was prepared from which split samples were 
made and distributed to each supervisor. The 
supervisor was instructed to test the samples 
under his normal conditions, either on a farm 
or in his home laboratory, and send the re- 
sults to the Extension Dairyman. 

A tolerance of + or —.2 was allowed from 
the official test. Fourteen of the 28 supervisors 
checked came within this range; eight exceeded 
this tolerance on one or more samples; and 
six supervisors had several samples that varied 
by more than .2 from the official. These six 
supervisors were called in to the University 
for further checking and instruction. 

II. Reeord-keeping. Seventy-five per cent 
of our Massachusetts supervisors work under 
a bonus system, whereby a minimum of 50¢ 
per day is kept in the Association treasury 
until the end of the year. At least three mem- 
bers’ books selected at random are thoroughly 
checked for each supervisor. A report is sent 
to the County Agent and Directors, who decide 
if the supervisor’s work is worthy of the bonus. 


E14. Enforcing the rules and regulations of 
the DHIA program. H. C. Gi_morg, Pennsyl- 
vania State University, University Park. 

The organization of the DHIA prograin 
makes it difficult to establish responsibility 
for enforcing rules and regulations. Wide- 
spread use of DHIA records by many organi- 
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zations has made it necessary to follow uni- 
form procedures in conducting the DHIA 
record program. Since county DHIA directors 
hire supervisors and determine their salaries, 
they must also assume responsibility for en- 
forcement of rules and regulations. If an 
adequate program is to be conducted, the di- 
rectors must have the assistance and guidance 
of other people to insure accurate and reliable 
records. Communication between all people 
involved in the DHIA program must be main- 
tained to insure adequate supervision and 
enforcement of all rules and regulations. 


E15. Handling DHIA problems in the elec- 
tronic processing center. G. V. O’BLENESS, 
Cornell University, Ithaca, New York. 

The use of modern high-speed data process- 
ing equipment for DHIA ealeulations has 
brought forward problems never encountered 
in the hand-caleulated system. The central 
processing center has to meet these problems 
with new procedures and equipment, to fulfill 
its obligations to the DHIA members, exten- 
sion personnel, and research workers. The 
processing center can provide the DHIA mem- 
bers with a more complete and accurate rec- 
ord-keeping system than was available before. 
In addition, it can provide other pertinent 
summary material to supplement their DHIA 
records. The center should provide extension 
personnel with a rich source of summary ma- 
terial for demonstrational and teaching pur- 
poses. The center should be a source of re- 
search data and at the same time provide 
facilities for the analysis of this data. The 
processing center must operate toward clearly 
defined objectives, to meet the need of these 
groups. The processing center should be a 
center of information and of processing facili- 
ties for all these groups. Such a processing 
center has the opportunity to advance the in- 
terests of dairy farming and agriculture in 
many ways. 


E16. The importance of proper identification 
to the DHIA supervisors. K. Fincu, Winne- 
bago County, Wisconsin. 

Proper identification is necessary for super- 
visors to do their job adequately. Complete 
information helps the supervisors in providing 
the DHIA member with a useful book at the 
start of his testing program. As calves are 
born, they should be identified and recorded. 
This information becomes more valuable as 
the testing program continues, for selecting 
breeding stock and culling poor cow families. 
It is just as important for an Owner-Sampler 
member as a Standard DHIA member to have 
these records. The Owner-Sampler member 
can use complete information to improve his 
herd and will be a more permanent member 
than those who have records inadequately 
identified. The most common method of identi- 
fication in Winnebago County is ear-tagging. 
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Supervisors attempt to tag all calves raised 
in both Standard and Owner-Sampler herds. 
The picture, sketch, or tattoo is used for herds 
on official test, and some other herds like the 
sketch-book. Neck chains are becoming more 
popular, since the number can be read easily. 
Many of our herds also use a name plate above 
the cow with the sire, dam, and production 
information. 


E17. The importance of proper identification 
to the breed associations. C. H. Boni, Ameri- 
can Jersey Cattle Club, Columbus, Ohio. 

All breed programs such as registration, test- 
ing, showing, sales, and classification are 
founded on positive identification. We have 
always thought of positive identification as 
being able to identify the animal by means of 
tattoos or color descriptions with a Registra- 
tion Certificate. If the animal checked with 
the certificate, this was positive identification, 
beeause the Breed Association had a complete 
record of the sire, dam, correct registration 
number, and date of birth. The full registra- 
tion names were reported, so that cross-checks 
could be complete. 

We find ourselves in a new world, a world 
of electronics where completed reports and 
statistical information can be completed in 
days or hours that formerly required months. 
With progress, there are some disadvantages, 
as only registration numbers can be reported 
because of limited space. A mistake in copy- 
ing a number can change the identity of an 
animal. 

In this new era, we find that positive identi- 
fication not only means checking the animal 
against the Registration Certificate, it means 
accuracy in reporting the registration number, 
the sire, the dam, and the date of birth. 

Studies completed by all breeds show 11.5% 
of all DHIR records are incorrect, either in 
registration number, sire number, dam number, 
or date of birth. This means that if there was 
no checking, cows could be reported wrong, 
sires’ averages would include wrong daughters, 
daughter-dam comparisons would be inaeceu- 
rate, and 11.5% of the information reported 
from the Breed Associations and Washington 
could be ineorrect. Any program that has 
11.5% error would be difficult to sell to 
breeders and research men. 

The Breed Associations are greatly con- 
cerned over the large per cent of error being 
encountered. It is imperative that this situ- 
ation be corrected immediately. Those persons 
assuming the responsibility for the DHIA, 
DHIR, and HIR programs in each state must 
have the responsibility to see that cows are 
correctly identified and information correctly 
reported. 

E18. The procedures and methods used in 


identifying cows in large herds. C. L. PE.is- 
SIER, University of California, Davis. 


It is different, but no more difficult, to 
identify cows in large herds than in herds of 
common size. In large herds a reliable system 
is mandatory for control of breeding, feeding, 
and management operations. Consequently, 
identification becomes an integral function of 
management, and satisfactory record systems 
are standard equipment and posted regularly. 

Number brands or neck chains are more 
common in large herds because they facilitate 
identification without confining the cow. Ear- 
tags make quick identification more difficult, 
but are still common because they cost less. 
When they are used, most dairymen prefer a 
durable tag with not more than four digits, 
and numbers stamped as large as possible. 
Reading is thereby easier and errors reduced. 

On test day, the DHIA supervisor usually 
numbers the cows on the rump with a marking 
crayon before the first milking. This speeds 
the work, reduces errors, and bothers the 
cows less, because identification numbers need 
be checked only once and this can be done 
after milking, before the cows leave the barn. 


E19. The procedures and methods used to 
identify cows in farm herds. J. D. Burks, 
Cornell University, Ithaca, New York. 

Correct and complete identification of ani- 
mals is essential for good herd management. 
Any system must be practical from the stand- 
point of the herd owner. At the same time, 
it must meet the requirements of breed asso- 
ciations, disease control, artificial breeding, 
and dairy record programs. Recorded infor- 
mation must include name and number of ani- 
mal, sire, dam, breeding dates, and birth dates. 
Methods commonly used include registration 
certificates, tattoo, ear-tag, neck chain, ankle 
strap, and brand numbers. Proper coordina- 
tion can make a system acceptable to breed 
associations, disease control officials, and the 
National Cooperative Dairy Herd Improve- 
ment Program. 

To be practical, a number must be attached 
to the animal and easily read from the milker’s 
and DHIA  supervisor’s operating position. 
The last three digits of the ear-tag, tattoo, 
neck chain, or strap number should be the 
same as the DHIA cow index number. This 
would require three basic steps: 1. Assign a 
block of 100 to 1,000 DHIA ear-tags to a herd 
and use them in sequence, 2. Match these with 
chain or strap numbers, and 3. The DHIA 
supervisor assign DHIA cow index numbers to 
match the chain or strap numbers without 
duplication. 


E20. Present status of the new proved-sire 
report. J. F. Kenprick, Dairy Cattle Research 
Braneh, USDA, Washington. 

The new DHIA Proved-Sire Record as re- 
vised will be presented and diseussed. In addi- 
tion ‘to the Al and non-AlI daughter-dam com- 
parisons, the new sire proof will include com- 
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parisons and differences of paired daughters 
and stable-mates or contemporaries; and 
daughter and coneurrent yearly herd averages. 
Special summaries and analyses of AI Proved- 
Sire Reeords will be presented and discussed. 
Current plans for processing DHIA lactation 
records and the compilation of proved-sire 
records on an automated basis will be outlined. 
Planned research on the statistical treatment 
of data used in compiling proved-sire records 
will be outlined. 


E21. Usefulness and limitations of the new 
proved-sire and stable-mate record. R. W. 
ToucHBerrY, University of Illinois, Urbana. 

The value of most sire indices of production 
is dependent upon the correlation between the 
index and the breeding value of the sire for 
production and how early in the life of the 
sire the index becomes available. The corre- 
lation between an index of production and the 
breeding value of a sire is largely dependent 
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on the number of production-tested doughters 
included in the index, the size of the environ- 
mental correlation among these daughters, the 
heritability of production, and the amount of 
culling exercised in determining what daugh- 
ters were included in the index. The main 
advantage of the Daughter-Stable-mate com- 
parison over such indices as the Daughter 
average, the Daughter-Dam comparison, and 
the Equal Parent index is that it tends to 
remove more of the environmental correla- 
tions among the daughters of a bull than do 
the latter indices. This, in turn, results in a 
higher correlation between the index and the 
breeding value of the bull for production. 
There are a variety of Stable-mate averages 


to which Daughter averages can be compared. 
The comparison used should give an unbiased 
estimate of the correct rank of the breeding 
values of the sires tested. Different Daughter- 
Stable-mate comparisons differ in their ca- 
pacity to do this. 
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RAPID DISK METHOD 
for Detection of 
PENICILLIN in MILK 
Reliable Sensitive Practical 


Direct assay method of Arret and Kirshbaum (FDA) for de- 
termining presence of penicillin in milk and dairy products. 


Media BACTO - ANTIBIOTIC MEDIUM I 
BACTO - SPORULATING AGAR 


BACILLUS SUBTILIS ATCC 6633 
Standardized Spore Suspension in 1 ml. ampuls 


Penicillinase BACTO - PENASE CONCENTRATE 
in 20 ml. and 100 ml. vials 


BACTO - PENASE DISKS 
Standardized Impregnated Disks 


Penicillin STANDARDIZED IMPREGNATED DISKS 
0.05 unit, 0.1 unit and other concentrations 


Information on request 


DIFCO LABORATORIES 


DETROIT 1 MICHIGAN USA 














